

































Background: Adolescence is a nutritionally vulnerable period, characterised by rapid growth 
and development as an individual transitions from childhood to adulthood. Protein is necessary 
to support these rapid changes and is paramount to supporting immunity, bone health and 
hormone production. There is limited up-to-date data on the protein intakes among New Zealand 
(NZ) adolescents, as the last assessment was conducted over a decade ago. 
Objective: To assess the protein intakes and main food sources of protein among New Zealand 
adolescents aged 15-18 years. Furthermore, the present study aimed to compare intakes, sources 
and the prevalence of inadequacy between males and females. 
Design: The present thesis is part of a wider population-based cross-sectional study, the Survey 
of Nutrition, Dietary Assessment and Lifestyle, which was conducted over an 18-month period 
in NZ adolescents, aged 15-18 years. A convenience sample of adolescents, clustered by high 
schools were the study participants. Measurements were taken over three phases from February 
2019 to April 2020. Two 24-hour diet recalls, taken on non-consecutive days, were undertaken 
to assess the protein intakes of adolescents using the ‘multiple pass method’. Participants also 
completed online questionnaires on demographics and dietary habits. Usual average protein 
intake was estimated using the multiple source method in absolute terms, as a percentage of 
total energy and per gram per kilogram of bodyweight. The Estimated Average Requirement 
(EAR) cut off method was used to determine the prevalence of inadequacy among adolescents. 
Body mass index (BMI) z-scores were calculated using standardised height and weight 
measurements. 
Results: The population comprised 66% females (n=266) and 34% males (n=135). Mean usual 
dietary protein intakes were significantly higher among males compared with females (109.5 
g/day (95% CI: 104.1, 114.9) and 1.63 g/kg (95% CI: 1.54, 1.73) vs 73.0 g/day (95% CI: 70.6, 
ii	 
75.3) and 1.14 g/kg (95% CI: 1.09, 1.18)). The prevalence of inadequacy among females was 
low (0.3%) in absolute terms (g/day), although increased to 6.3% when body weight is 
accounted for (g/kg). Females who were Māori, resided in areas of high deprivation or were 
obese had the highest rates of inadequacy, while no male had inadequate mean protein intake. 
Contribution of protein to total energy was statistically 18% higher among males compared 
with females (18.6% total energy (TE) (95% CI: 18.1, 19.2) vs 15.4% TE (95% CI: 15.1, 
15.7). Notably, mean contributions to total energy sit towards the lower end of the Acceptable 
Macronutrient Distribution Range (AMDR). A concerning 47.7% of females had intakes 
below the AMDR (15- 25% TE) while only 13.7% of males were below this limit. Main food 
sources for adolescents were similar between sexes, with poultry (12.8%), grains and pasta 
(10.0%), and bread (9.4%) contributing the main sources of protein. 
Conclusion: Protein intakes among the adolescent population in New Zealand are mostly 
sufficient to meet their physiological needs, and the prevalence of inadequacy appears to be 
low. Males consistently consume more dietary protein than females. In turn, females living in 
highly deprived areas or of Māori ethnicity are at higher risk of protein inadequacy. Increasing 
intakes to sit within the AMDR is an avenue in which adolescent health can be optimised on a 
population level by ensuring a balanced diet. Protein quality and the amino acid composition 
of foods should be assessed in future analyses to determine the contribution of protein-rich 
foods to overall diet quality. Larger, nationally representative studies are required to support 




The Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL) is a two-year ongoing 
cross-sectional study assessing the intakes, attitudes, motivations and activity of adolescents in 
New Zealand, aged 15-18 years. Drs Meredith Peddie and Jill Haszard were the primary 
investigators of the study and responsible for the design and ethical approval. Dr Haszard was 
also the study biostatistician, responsible for calculation of sample size, statistical power and 
nutrient intake data. Tessa Scott was the study coordinator. Liz Fleming and Kirsten Webster 
oversaw data entry. Funding was provided by the Lottery Health Research Grant and the 
Department of Human Nutrition at the University of Otago. 
 
 
The present thesis is a part of this nationwide survey and focusses specifically on intakes and 




Master of Dietetic (MDiet) students collected data on adolescent females in semester one and 
two of 2019 across New Zealand (Whangarei, Tauranga, New Plymouth, Wellington, Nelson, 
Christchurch, Dunedin and Wanaka). MDiet researchers, including the candidate, completed data 
collection on adolescents on semester one of 2020 (Auckland, Wellington, Christchurch and 
Dunedin). Prior to data collection, all students in 2019 and 2020 undertook training in order to 
obtain data in accordance with standardised protocols. This thesis focuses on the data obtained 
from three phases (semester one and two of 2019 and semester one of 2020). 
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The candidate was responsible for the following: 
 
• The search and writing of a literature review on protein intakes among adolescents 
 
• Liaising with and coordinating data collection with St Patrick’s Silverstream School in 
Wellington 
• Providing an oral presentation to St Patrick’s Silverstream School for participant 
recruitment 
• Organised appointments with students at St Patrick’s Silverstream School and ensured 
the consent and completion of all study components by students 
• Organised appointments between a phlebotomist and participants for blood and urine 
sample collection with one other MDiet student 
• Collected anthropometric data, conducted two 24-hour diet and activity recalls, acquired 
blood pressures and fitted accelerometers and sleep diaries to participants 
• Entry of data into REDCap and 24-hour data recalls in FoodWorks. This included finding 
appropriate substitutions and entry of new foods and recipes into the FoodWorks 
database 
• Statistical analysis of the components within this thesis, with the aid of Professor Rachel 
Brown and Dr Jill Haszard 
• Interpretation of results and the writing of all thesis components 
v	 
Acknowledgements 
First and foremost, I thank my supervisor, Professor Rachel Brown. Thank you for so much for 
your guidance and support through this journey and for providing me with the timeliest of 
feedback (even on your weekends and nights off!). A special thanks for being so helpful and 
understanding during last-minute changes that could have been a lot more stressful. 
Thank you to Dr Sue MacDonell, your guidance was paramount to getting me started on this 
journey. You made the daunting task of writing a thesis feel a whole lot more achievable. 
Drs Jill Haszard and Meredith Peddie, and Tessa Scott, thank you for all of the hard work 
you put in and allowing us to be a part of a great study. Jill, your contact and support throughout 
this process was amazing, especially through COVID! Liz Fleming and Kirsten Webster, thank 
you so much for your timely feedback and patience with questions during data entry.  
My family, thank you for your constant love and support through my studies. Thanks to the 
Steiner bubble enough for taking me in during the weird and unusual time in the world. To my 
fellow dietetic classmates – it has been an absolute pleasure working with you over the past 18 
months. Thank you for all your support through this crazy time, and for teaching me so much 
over the past 18 months. 
vi	 
Table of Contents 
 
 
Abstract .......................................................................................................................................... ii 
Preface ........................................................................................................................................... iv 
Acknowledgements ...................................................................................................................... vi 
Table of Contents ....................................................................................................................... viii 
List of Tables ................................................................................................................................ xi 
List of Figures .............................................................................................................................. xii 
List of Abbreviations ................................................................................................................. xiii 
1. Introduction ............................................................................................................................... 1 
2. Literature Review ..................................................................................................................... 3 
2.1 Search Strategies ............................................................................................................................... 3 
2.2 Protein metabolism and homeostasis .............................................................................................. 3 
2.2.1 Amino Acids ................................................................................................................................ 3 
2.2.2 Nitrogen balance .......................................................................................................................... 4 
2.2 Protein absorption and excretion .................................................................................................... 5 
2.2.1 Absorption ................................................................................................................................... 5 
2.2.2 Excretion ...................................................................................................................................... 6 
2.3 Functional role of Protein ................................................................................................................ 6 
2.3.1 Growth ......................................................................................................................................... 6 
2.3.2 Immunity ..................................................................................................................................... 6 
2.3.4 Bone health .................................................................................................................................. 7 
2.4 Dietary assessment and methodology ............................................................................................. 7 
2.4.1 Dietary assessment methods ........................................................................................................ 7 
2.4.2 Nutrient Reference Values ........................................................................................................ 11 
2.4.3 Assessing protein adequacy ....................................................................................................... 11 
2.4.4 Protein nutrition during adolescence ......................................................................................... 15 
2.5 Intakes of dietary protein among adolescents .............................................................................. 15 
2.5.1 Protein intakes in New Zealand ................................................................................................. 16 
vii	 
2.5.2 Global protein intakes ................................................................................................................ 16 
2.5.3 Prevalence of inadequacy .......................................................................................................... 18 
2.6 Food sources of protein .................................................................................................................. 23 
2.6.1 Sources of protein ...................................................................................................................... 23 
2.6.2 Protein sources in New Zealand ................................................................................................ 23 
2.6.3 Global sources of dietary protein ............................................................................................... 24 
2.6.2 Factors influencing protein intake ............................................................................................. 29 
2.7 Conclusion ....................................................................................................................................... 29 
3. Objective Statement ................................................................................................................ 31 
4. Methods .................................................................................................................................... 32 
4.1 Survey design ................................................................................................................................... 32 
4.2 Ethical approval .............................................................................................................................. 32 
4.3 Study procedure .............................................................................................................................. 33 
4.3.1 School recruitment ..................................................................................................................... 33 
4.3.2 Participant recruitment .............................................................................................................. 34 
4.3.3 Inclusion and exclusion criteria ................................................................................................. 35 
4.4 Participant demographics .............................................................................................................. 35 
4.5 Data collection ................................................................................................................................. 36 
4.5.1 Dietary assessment .................................................................................................................... 36 
4.5.2 Supplement usage ...................................................................................................................... 37 
4.5.3 Anthropometric measurements .................................................................................................. 38 
4.6 Statistical analysis and methods .................................................................................................... 39 
4.6.1 Sample size and statistical power .............................................................................................. 39 
4.6.2 Statistical analysis ...................................................................................................................... 39 
5. Results ...................................................................................................................................... 41 
5.1 School and participant recruitment .............................................................................................. 41 
5.2 Participant demographics .............................................................................................................. 41 
5.3 Mean protein intakes ...................................................................................................................... 45 
5.4 Prevalence of inadequacy ............................................................................................................... 50 
5.5 Percentage contribution of protein to total energy intake .......................................................... 50 
5.6 Top food contributors of protein ................................................................................................... 54 
5.6.1 Top 10 food sources of protein .................................................................................................. 54 
5.6.2 Supplement use .......................................................................................................................... 56 
viii	 
6. Discussion and Conclusion ..................................................................................................... 57 
6.1 Mean protein intake among adolescents ....................................................................................... 57 
6.2 Prevalence of inadequacy ............................................................................................................... 59 
6.3 Main dietary sources of protein ..................................................................................................... 60 
6.4 Study limitations and strengths ..................................................................................................... 61 
6.5 Conclusion ....................................................................................................................................... 63 
7. Application of Research to Dietetic Practice ........................................................................ 64 
Part A: Applicability and relevance to Dietetic Practice .................................................................. 64 
8. References ................................................................................................................................ 67 




List of Tables 
Table 2.1. Classification of amino acids1 ................................................................................................................................... 4 
 
Table 2.2. A comparison of dietary assessment methods, their uses and limitations1 .............................. 9 
 
Table 2.3. Definitions and comparisons of protein reference values worldwide ......................... 13 
 
Table 2.4. Surveys examining protein intakes in adolescents ...................................................... 20 
 
Table 2.5. Examples of food items and their food group categorisations from the 2008/09 Adult 
Nutrition Survey New Zealand1 ....................................................................................................................................................... 26 
Table 2.6. Studies examining sources of protein in the diets of adolescents ............................... 27 
 
Table 5.1. Participant demographics of all participants and by sex1 .................................................................. 44 
 
Table 5.2. Mean usual protein intakes (grams per day), analysed by sex .................................... 46 
 
Table 5.3. Mean usual protein intakes and the prevalence of inadequacy, analysed by sex ........ 48 
 
Table 5.4. Percentage of energy derived from protein, analysed by sex1 ....................................................... 52 
 
Table 5.5. Top ten sources of protein in the adolescent diet, analysed by sex contribution of food 
group to total percentage to energy ............................................................................................... 55 




List of Figures 
Figure 5.1. Flow chart illustrating school recruitment ................................................................. 42 
Figure 5.2. Flow chart illustrating participant recruitment and flow ........................................... 43 
Figure 5.3. Percentage of participants below, within and above the Acceptable Macronutrient 
Distribution Range (15-25% total energy), analysed by sex. ....................................................... 54 
xi	 
List of Abbreviations 
 
• % TE – Percentage of total energy 
 
• 08/09 ANS – 2008-09 New Zealand Adult Nutrition Survey 
 
• 95% CI – 95 percent confidence interval 
 
• AMDR – Acceptable Macronutrient Distribution Range 
 
• BMI – Body Mass Index 
 
• CI – Confidence Interval 
 
• EAA – Essential amino acid 
 
• EAR – Estimated average requirement 
 
• g/d – grams per day 
 
• g/kg/d – grams per kilogram per day 
 
• g/kg IBW/d – grams per kilogram of ideal body weight 
 
• IBW – Ideal body weight 
 
• IOM – Institute of Medicine 
 
• kg – kilogram 
 
• MDiet – Master of Dietetics 
 
• MSM – Multiple Score Method 
 
• NHANES – National Diet and Nutrition Examination Survey 
 
• NNS – 1997 National Nutrition Survey New Zealand 
 
• NRV – Nutrient Reference Value 
 
• NZ – New Zealand 
 
• NZDep2018 – New Zealand Deprivation Index 2018 
xii	 
• PEM – Protein-energy malnutrition 
 
• PIs – Primary Investigators 
 
• PRI – Population Reference Intakes 
 
• RDI – Recommended Dietary Intake 
 
• RNI – Recommended Nutrient Intake 
 
• RDA – Recommended Daily Allowance 
 
• REDCap - Research Electronic Data Capture 
 
• SES – Socio-economic status 
 
• SuNDiAL – Survey of Nutrition, Dietary Assessment and Lifestyle 
 
• UL – Upper Level 
 
• US – The United States of America 
 




Adolescence, defined by the World Health Organisation (WHO) as those aged 10-19 years (1), 
is a critical time period characterised by rapid growth and development (2,3). Nutrition is an 
integral component of adolescent health. The effects of healthy dietary habits in this age group 
are likely to track into adulthood, and furthermore to subsequent generations (2,4). Previously 
overlooked due the assumption they are the ‘healthiest’ age brackets (5), and a projected 
increase in population size in upcoming years (6), adolescents impose a unique opportunity to 
invest in population health, thereby reducing chronic disease risk and cost to the health sector 
for generations to come (4,5). 
The diet quality of adolescents is well documented across literature to be poorer in 
comparison with other age groups (7–10). The ability to follow a healthy balanced diet through 
this period of increasing autonomy surrounding food choices, can be challenged by factors such 
as lack of nutrition knowledge, peer influences and unstructured eating patterns compared with 
adults and children (2,5,11). Therefore, it is of utmost importance that habits cemented during 
this time are conducive to a healthy, balanced diet, of which includes sufficient protein intake. 
Dietary protein is an essential part of any healthy diet, providing the major structural and 
functional components in the human body (12). Among adolescents, it is particularly important 
for its role in growth, hormone production, immunity and bone health (13–16). Many national 
nutrition surveys have examined the protein intakes of adolescents (17–22). Mean intakes of 
protein on a global scale tend to be higher among males compared to females (17–19,23), whose 
requirements are higher due to their higher proportion of lean mass (24). Over a decade ago, the 
2008/09 Adult Nutrition Survey New Zealand (08/09 ANS) found the mean protein intake in a 
nationally representative sample of adolescents aged 15-18 years, to be 108 g/day and 69 g/day 
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among males and females, respectively (18). The 08/09 ANS further assessed the prevalence of 
inadequacy among New Zealand (NZ) adolescents, reporting a low prevalence of 0.0% and 
0.7% in males and females, respectively (18). This finding is similar to other international 
studies in developed countries that have reported the prevalence of inadequacy to be low 
(21,25). However, recent trends among American adolescents suggest this prevalence may be 
increasing (26–28) as the most recent prevalence between 2013-16 reported was 7% and 20% 
among males and females, respectively (29). Although most evidence suggests protein intakes 
among adolescents are adequate, it is important to regularly monitor these intakes so that 
potential detrimental shifts in intakes do not go unnoticed. In recent years, there has been a 
particular emphasis on high- protein diet and plant-based diets in the lay media, both of which 
may have altered the sources and conceivably intakes of protein among our adolescent 
population. With an everchanging food environment, the most recent national survey in New 
Zealand is now over a decade old and does not provide insight into the food environment to 
which present day adolescents are exposed. The Survey of Nutrition, Dietary Assessment and 
Lifestyle (SuNDiAL) offers a unique opportunity to assess the protein intakes within this cohort 
and can provide an overdue analysis of intakes among New Zealand adolescents. 
Therefore, the aim of the present study was to assess, compare and contrast protein 
intakes within a sample of male and female adolescents, aged 15-18 years, residing in New 
Zealand. The contribution of main the food sources of protein will also be assessed. 
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2. Literature Review 
 
2.1 Search Strategies 
 
The present literature review examines the requirements, intakes and sources of dietary protein 
among New Zealand adolescents. Studies were identified through the following databases: 
Science Direct; PubMed; Google Scholar; and Scopus between September 2019 and June 2020. 
Key words for the search were “adolescent”, “adolescence”, “teenager”, “teen”, “male”, 
“female”, “dietary protein”, “protein intakes”, “adequacy” and “dietary protein sources”. Further 
papers were identified from the reference lists of those retrieved during the literature search. 
Papers were limited to those in English, and those published in full. 
 
 
2.2 Protein metabolism and homeostasis 
 
Protein is a macronutrient essential for supporting growth and maintaining normal body 
processes and function (30). Protein forms the major structural components of all cells in the 
body (12), and is mainly found in muscle (43%), blood (16%), and skin (15%) (30). The 
remaining protein within the body is accounted for as enzymes, hormones and other tissues. The 
four main proteins are collagen (25% of all body protein), haemoglobin, actin and myosin (30). 
Protein functions in numerous ways within the body as enzymes, blood transport molecules, 
peptide hormones (e.g. insulin), membrane carriers; and they play important roles in immune 
function, fluid balance and provide a source of energy (13). 
2.2.1 Amino Acids 
Proteins are comprised of amino acids, of which there are 20. The function of a protein is 
dependent on its amino acid composition and the way in which these amino acids are folded, 
linked and interact chemically (13,30). Amino acids may be categorised into dispensable and 
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indispensable amino acids. The former can be synthesised within the body from protein stores, 
while the latter cannot and must, therefore, be obtained through the diet (Table 2.1). All 20 
amino acids are required by the body as substrates for protein synthesis. If there is an inadequate 
intake of an indispensable amino acid, muscle tissue will be broken down to release stores of the 
amino acid, thus enabling it to be utilised for other bodily processes. If the formation via this 














Isoleucine (Ile) Alanine (Ala) Arginine (Arg)  
Leucine (Leu) Aspartic acid (Asp) Asparagine (Asn)  
Lysine (Lys) Glutamic acid (Glu) Cysteine (Cys)  
Methionine (Met)  Glutamine (Gln)  
Phenylalanine (Phe)  Glycine (Gly)  
Threonine (Thr)  Histidine (His)  
Tryptophan (Trp)  Proline (Pro)  
Valine (Val)  Serine (Ser)  
  Tyrosine (Tyr)  




2.2.2 Nitrogen balance 
Unlike fat or carbohydrate, the human body does not have a protein store, which means protein is 
constantly turning over; being broken down and rebuilt within the body (30). Protein contributes 
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the body’s main source of nitrogen, contributing approximately 16% of total body nitrogen (12). 
The nitrogen component of an amino acid, obtained through dietary protein, is continually 
excreted via sweat, faeces, and through the shedding of skin, hair and nails (31). Consumption of 
dietary protein is, therefore, required to replenish these obligatory losses so that the body 
maintains a state of nitrogen balance (12). An individual’s protein balance is dependent on 
nitrogen intakes, obtained through dietary protein, and the physiological demands of growth, 
infection, or starvation. Nitrogen balance may be positive, negative or in balance, with the latter 
occurring when nitrogen intake equals nitrogen excretion. Negative protein balance occurs when 
protein intake is less than excretion i.e., in the case of illness or starvation, whereas positive 
nitrogen balance is evident in periods of growth, such as during adolescence, when protein intake 
exceeds losses (31). Adequate dietary protein intake is, therefore, important for supporting the 
pubertal growth spurts observed during adolescence. 
 
2.2 Protein absorption and excretion 
 
2.2.1 Absorption 
Protein digestion begins in the stomach where acid denatures dietary protein, before it is 
hydrolysed by the proteolytic enzyme pepsin, into smaller peptides (12). Acidic chyme 
containing proteins and peptides then progress to the duodenum via the pyloric sphincter (12). 
Trypsin, chymotrypsin, carboxypeptidase and elastase enzymes are released from the pancreas 
and hydrolyse peptide bonds at the brush border on the surface of small intestinal cells (12). A 
mixture of individual free amino acids, dipeptides and small oligopeptides can then be 
transported into epithelial mucosal cells via a number of amino specific carrier systems 
(12,14,30). Endogenous amino acids secreted into the bowel mix with dietary amino acids, 
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adding between 70-300 g protein/day (30). The mix of the two are absorbed and distributed 
around the body (30). 
2.2.2 Excretion 
Amino acids consumed in excess amounts are degraded and excreted. Catabolism of amino acids 
results in the deamination or transamination and excretion of the nitrogen component (12). Urea 
is produced in the liver and maintains nitrogen in a soluble, non-toxic form before being carried 
by the circulation to the kidneys, where it can be excreted through urine (12). The carbon 
skeleton component of an amino acid may be used as an energy source, or stored as glycogen or 
fatty acids (12,31). 
 
2.3 Functional role of Protein 
 
2.3.1 Growth 
Adequate energy, protein and other nutrients are required to support the rapid growth and 
development which occurs during adolescence (30). Protein contributes to both lean muscle 
tissue, and the enzymes and hormones, which facilitate growth, through their anabolic effect. 
Examples of these include growth hormone, thyroid hormone and insulin (13,30). Stunted 
growth, impaired cognitive function, and declined reproductive capabilities, especially within 
females, are consequences of suboptimal protein intake (3,32,33). 
2.3.2 Immunity 
Amino acids play an important role in the maintenance of immune function by regulating: 1) 
synthesis of antibodies and cytokines; 2) activation of B and T lymphocytes and macrophages; 
and 3) gene expression, cellular redox state and lymphocyte proliferation (16). Moreover, 
inadequate protein intake can compromise immune function and put the individual at greater risk 
of disease, infection and inflammation (14,33). 
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2.3.4 Bone health 
Adolescence is a time period critical to achieving peak bone mass. Dietary protein plays a 
complex role in establishing and maintaining optimal bone health. Consequences of poor peak 
bone mass are increased fracture and osteoporosis risk (34,35). Food sources of dietary protein 
frequently provide calcium, a mineral which directly and positively influences bone mass (34). 
Additionally, adequate protein suppresses parathyroid hormone, increases intestinal calcium 
absorption, insulin-like growth factor-1, and increases muscle strength and mass (36). 
Furthermore, there is evidence that protein intake and the accrual of lean body mass in 
adolescents may independently predict peak bone mass (37–39). Bone growth is well- 
documented to be hindered by consumption of low protein diets (i.e. protein consumption 
between 0.5-1.0 grams per kilogram per day (g/kg/day)) (15,35). On the other hand, high protein 
diets (i.e. 1.5-2.0 g/kg/day protein) promote bone growth and its integrity, despite previous 
literature suggesting they may be detrimental to calcium balance and conceivably skeletal mass 
(15,35,40). Moreover, adequate protein intake, in conjunction with other essential nutrients (e.g. 
calcium and vitamin D), is vital to bone health in the long- and short-term. 
 
2.4 Dietary assessment and methodology 
 
2.4.1 Dietary assessment methods 
Dietary assessment methods are fundamental in determining the nutritional intake of individuals 
and groups. Selection of appropriate dietary assessment methods for the population is integral to 
accurate nutrition monitoring. Table 2.2 shows a comparison of commonly used dietary 
assessment methods. Some considerations to be made when selecting an assessment method are 
the level of information required, the respondent burden of the method, available resources i.e. 
financial constraints, staffing and time, and the characteristics of the participants (31). 
8	 
A three-day weighed diet record is the ‘Gold Standard’ dietary assessment method and is 
the most accurate in estimating actual and habitual dietary intakes, in comparison with other 
methods (31). For adolescent population surveys, a repeated 24-hour diet recall is the most 
feasible option and is commonly used in large surveys (31). This is due to its comparably 
inexpensive application, low participant burden, and greater participant response (31). As the 
diet of individuals varies from day-to-day, the use of repeated 24-hour diet recalls allows for 
intra-individual variability to be accounted for, therefore, provides a more accurate 
representation of true dietary intake of individuals (31,41). 
An unavoidable limitation of self-reported dietary assessment is over- and under- 
reporting which imposes respondent bias. Underreporting is more common in adolescents, 
particularly female adolescents (42–44). That being said, protein may be overreported due to the 
perception that high protein foods may be healthier than other foods (42). It is unclear whether 
these biases mitigate each other in dietary assessment, thus, it is difficult to decipher the degree 
to which reported mean protein intakes are affected. The degree and direction of which these 
biases impact dietary assessment may vary depending on the assessment tool used. For example, 
under-reporting of energy and protein intakes has been shown in a meta-analysis of five large 
validation studies of self-reported dietary assessment to be greater in food frequency 
questionnaires (FFQs), in comparison with 24-hour recalls (28% vs 15%) (41). Inherent 
limitations, such as underreporting, should be considered across all methods of dietary 
assessment, especially given their disproportionate presence among adolescents. 
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Table 2.2. A comparison of dietary assessment methods, their uses and limitations1 
 
Methods of 
  Assessment  
Description of method Uses and Advantages Limitations 
24-hour recall 
method 
Respondent is asked to recall all 
food and drinks consumed over 
the past 24 hours or preceding 
day. Household measures used to 
estimate portion sizes. Food 
composition data resource is used 
to estimate nutrient intakes. 
Actual dietary intake assessed. 
Compliance is generally high as 
respondent burden is low. 
Quick, easy and inexpensive 
method. Advantageous in large 
groups to assess average usual 
intakes. 
Relies on memory of the subject 
and requires a skilled interviewer. 
Diets must be entered and 
analysed; a time-consuming 
process. Higher participant 




Quantities and portion sizes are 
estimated using household 
measures the time of consumption. 
Food composition data resource is 
used to estimate nutrient intakes. 
May assess both habitual and 
actual dietary intakes. 
Accuracy of record relies on the 
subject’s ability to estimate food 
quantities. Subjects are required 
to be literate and the high 
participant burden can reduce 
compliance. 
Weighed food records All food and beverage consumed 
is weighed and recorded at time of 
consumption. Food composition 
data resource is used to estimate 
nutrient intakes. 
Records are a highly accurate 
reflection of dietary intake and 
may assess habitual and actual 
intakes. Does not rely on 
memory. 
Time consuming, expensive and 
requires motivated, willing 
literate subjects. Weighing must 
be feasible for subject to 
undertake. Tendency for subject 
to alter their usual dietary intakes 
when recording, to reduce burden 
of weighing food or to fit a 




Dietary history Interview conducted in 24-hour 
recall style to obtain actual intake 
and overall habitual eating 
patterns. Portion sizes estimating 
using household measures. Food 
composition data resource is used 
to estimate nutrient intakes. 
Describes usual food and 
nutrient intakes. 
Results are dependent on the 
skills of the interviewer. 




An interview or self-directed 
questionnaire is used to 
comprehensively assess food 
intakes across a given period (one 
day or a week, for example). Can 
be undertaken with or without 
food models as prompts. 
Habitual intakes estimated over 
a selected period of time. High 
response rate and low 
respondent burden as a 
relatively quick method. 
Trained interviewer not 
required. 
Accuracy of nutrient intakes is 
less than other methods. Relies on 
subject recall memory. Difficulty 
to estimate portion sizes. 
Requires participant to have 
literacy and numeracy skills. 
 
 
1Table adapted from Principles of Dietary Assessment (31) 
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2.4.2 Nutrient Reference Values 
Nutrient Reference Values (NRVs) describe the daily recommended nutrient requirements for 
specific life stages, based on scientific evidence that was available to researchers at the time, 15 
years ago (45). The dietary adequacy of specific nutrient intakes of individuals and groups may 
be assessed using NRVs. The estimated average requirement (EAR) is used to estimate the 
prevalence of inadequacy of specific nutrients within population groups (31,46). Based on the 
EAR cut-point method, the number of individuals with intakes below the EAR in a group 
represent the prevalence of those at risk of inadequate intake (46). The recommended daily 
intake (RDI) determines the intake required to meet 97-98% of individuals. It is, therefore, an 
inappropriate reference to use when assessing the intakes of groups, as the true prevalence of 
inadequate intakes will be overestimated (46). 
2.4.3 Assessing protein adequacy 
Protein intake can be presented in different ways; absolute grams (g), grams per kilogram body 
weight (g/kg), grams per kilogram of ideal body weight (IBW) (g/kg IBW) or as a percentage of 
total energy (% TE). Recommended intakes differ between countries and this needs to be taken 
into account when comparing the adequacy of protein intakes across countries. Table 2.3 
illustrates the variation in protein recommendations. For instance, the EAR for adolescent males 
aged 14-18 years for protein in the United States of America (US) is lower than that for NZ 
(0.73 g/kg vs 0.76 g/kg, respectively). Conversely, the EAR for female adolescents is greater in 
the US compared to NZ (0.71g/kg vs 0.62 g/kg, respectively). These variations are a result of the 
differing methodology used to determine protein requirements. Most countries use the factorial 
method, albeit applied in different ways. The EAR for NZ was estimated using the factorial 
method, accounting for both growth requirements and maintenance of fat-free mass of 
adolescents (45). Alternatively, the factorial method was applied to adult estimates of 
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maintenance by the Institute of Medicine, on the basis that estimates of children over 14 years 
and adults are similar (12). Furthermore, as protein intakes can be expressed in multiple units, 
direct comparisons are not always possible. This issue is particularly evident when comparing 
the prevalence of inadequacy between countries. Some studies account for body weight (g/kg) 
(29) while others consider body composition of individuals (g/kg IBW) (26,27). Other studies 
use an absolute gram cut-off (g/day) (18,21,25). There appears to be no definitive consensus of 
which unit is best to use in the adolescent population. Researchers must take these differences 
into consideration when comparing different studies. 
Protein intake can also be assessed using the Acceptable Macronutrient Distribution 
Range (AMDR), which describes the contribution of each macronutrient to total energy intake 
for a given age group (Table 2.3). The AMDR for protein is designed to provide sufficient 
protein to support growth, reduce chronic disease risk and for the ability to meet the EARs of 
micronutrients through food intake (45). In NZ, it is recommended that protein contributes 
approximately 15-25% TE intake for adolescents. Although there is no upper limit set for 
protein, exceeding protein intakes beyond 25% TE may displace other nutrients and 
consequently their health benefits (45). Like the EAR, AMDRs for adolescents differ between 
countries (Table 2.3). 
Uniformity in NRVs is lacking, which makes it difficult to directly compare protein 
adequacy across literature. Despite methodological differences, all NRVs are set with the 





Table 2.3. Definitions and comparisons of protein reference values worldwide 







Definition “A daily nutrient level 
estimated to meet the 
requirements of half the 
healthy individuals in a 
particular life stage and gender 
group.” (45) 
“The average daily dietary intake 
level that is sufficient to meet the 
nutrient requirements of nearly 
all (97-98 per cent) healthy 
individuals in a particular life 
stage and gender group.” (45) 
“Acceptable macronutrient 
distribution range for 
macronutrients to reduce chronic 
disease risk whilst still ensuring 
adequate micronutrient status.” 
(45) 
Application Individuals and population 
groups: used to estimate the 
prevalence of inadequate 
nutrient. 
Nutrition assessment of 
individuals only. 
Individuals and population 
groups. 
Country, sex, age    
New Zealand (45)    
Males (14-18) 49 g/day (0.76 g/kg) 65 g/day (0.99 g/kg) 15-25% TE 
Females (14-18) 35 g/day (0.62 g/kg) 45 g/day (0.77 g/kg) 15-25% TE 
Canada (47)    
Males (14-18) 0.66 g/kg 56 g/d (0.80 g/kg) 10-30% TE 
Females (14-18) 0.66 g/kg 46 g/d (0.80 g/kg) 10-30% TE 
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United States (12)    
Males (14-18) 0.73 g//kg 0.85 g/kg 10-30% TE 
Females (14-18) 0.71 g/kg 0.85 g/kg 10-30% TE 
United Kingdom (48)    
Males (15-18) 46.1 g/day 55.2 g/day - 
Females (15-18) 37.1 g/day 45.4 g/day - 
Netherlands (49)    
Males (14-18) 0.70 g/kg 0.80 g/kg - 
Females (14-18) 0.60 g/kg 0.80 g/kg - 
Abbreviations: EAR: Estimated Average Requirement; RDI: Recommended Dietary Intake; RDA: Recommended Dietary 
Allowance; RNI; Recommended Nutrient Intake; PRI: Population Reference Intakes ADMR: Acceptable Macronutrient Distribution 
Range 
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2.4.4 Protein nutrition during adolescence 
As mentioned, it is essential that adolescents consume adequate protein to achieve full growth 
and development potential (3,12). The growth velocity of an individual follows a linear trend 
through childhood, then accelerates following the onset of puberty (3). In females, the onset of 
puberty usually begins between 8-14 years (mean age 11 years) and in males the onset is slightly 
later; usually between 9-15 years (mean age 12 years) (50). Consequently, the physiological 
development, and therefore, protein requirements, vary markedly through the course of an 
individuals’ adolescent years, with protein requirements correlating more closely with growth 
pattern, as opposed to age (3,24,51). Furthermore, protein requirements are consistently set 
higher for males compared to females, in order to facilitate their relatively higher growth of lean 
muscle mass and bone tissues (Table 2.3) (24). At the population-level of dietary assessment, it 
is not feasible to provide nutrient recommendations on the basis of growth, given such 
widespread individual variation (52). For this reason, protein recommendations are consistently 
provided according to age (Table 2.3) (53). Moreover, recommendations provided per kilogram 
of body weight may allow for some individual variation to be accounted for when determining 
adequacy of protein intakes among adolescents (52), although, true protein requirements must 
account for differences in lean mass from fat mass (52). 
 
2.5 Intakes of dietary protein among adolescents 
 
National dietary surveys conducted globally are the main source of information that assess the 
protein intakes of adolescents. These are effective in identifying dietary trends and areas of 
concern to ultimately guide national and international nutrition policies, including protein 
reference values. 
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2.5.1 Protein intakes in New Zealand 
There have been two national nutrition surveys assessing protein intakes in adolescents aged 15- 
18 years in NZ; the 1997 National Nutrition Survey (NNS) (23) and 2008-09 Adult Nutrition 
Survey (08/09 ANS) (18). In 1997, average protein intakes among male adolescents were 110 
g/day, which equated to 15% TE. Protein intakes remained stable in the subsequent 08/09 ANS, 
with an average intake of 108 g/day (16% TE). The mean intake of protein also remained stable 
in adolescent females with intakes of 72 g/day and 69 g/day in the 1997 and 08/09 surveys, 
respectively. Simultaneously, protein contribution to total energy increased from 14% to 15.2% 
TE. Although adolescents had, on average, protein intakes below or at the lower end of their 
respective AMDR (15-25% TE), the lower bound of the range is set higher than the 
physiological requirements of protein for adolescents (10% TE), to allow the EAR of other 
nutrients to be attained (45). Further to this, the ANS noted a 0% and 0.7% prevalence of 
inadequate protein intakes for males and females, respectively, and there were no sizable 
disparities between ethnic groups reported, with the highest inadequacy prevalence found among 
Pacific males and Māori females at 1.5% (18). It appears protein intakes were for the most part, 
sufficient within this sample group. As these data were collected over 10 years ago, protein 
intakes previously reported may not reflect the current food climate or dietary trends present day 
adolescents are exposed to in NZ. 
2.5.2 Global protein intakes 
Table 2.4 provides an overview of protein intakes and the prevalence of inadequacy among 
adolescents, along with study comments and limitations, all of which need to be considered when 
making comparisons between international literature. These include: the age range and sample 
size of adolescence; the type of dietary assessment methodology and NRVs used; the 
methodology used to define inadequate intakes; the inclusion/exclusion of under-reporters; and 
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the food databases that assess dietary intake and the statistical analysis. Despite heterogeneity 
between studies reviewed, trends in protein intakes are evident. 
Most of the studies reviewed used 24-hour diet recalls as their assessment method (n=11). 
Across the current literature, protein intakes of males were consistently higher than their female 
counterparts (17–20,22,27,54–57), with intakes ranging from 72-111 g/day in males compared to 
49-84 g/day in females. Energy intake also tended to be higher in males compared to females, 
which is consistent with the higher overall protein intake noted (18,22,56,57). 
Of particular note, the National Health and Nutrition Examination Survey (NHANES) 
conducted biennial 24-hour recalls in the US between 2001-2014. Berryman et al. investigated 
the changes in intakes between 2001-2014 in adolescents (14-18 years) (27). Average protein 
intake remained relatively stable across the 13 years, with a mean ± SD intake of 97.3 ± 1.5 and 
63.0 ± 0.8 g/day in males and females, respectively (27). The most recent NHANES analysis 
(2015-16; 12-19 years; n=1196) show similar intakes of 84.5 ± 3.24 and 63.4 ± 1.88 g/day in 
males and females, respectively (17). Likewise, an average of 80 and 64 g/day in males and 
females were observed in adolescents across 21 European countries (58), while intakes among 
Australian adolescents align closest with those reported in NZ (104 g/day and 76 g/day, 
respectively) (21). 
Protein intakes expressed as a percentage of total energy (% TE) ranged from 14.1 – 
17.4% TE and 13.5 – 17.1% among males and females, respectively, and have increased 
modestly (1-3% TE) within studies over the past two decades (18,27,54,59,60). Intakes tend to 
be close to the lower end of the AMDRs. The highest intakes were observed in Australian 
adolescents (n=735;14-18 years), in the 2011-12 National Survey (17.4% and 16.5% among 
males and females, respectively) (54). These mean intakes were within the AMDR range (15- 
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25% TE). Similarly, over 95% of Canadian adolescents (n=8960; 9-18 years) have been 
observed to have intakes within their wider AMDR range (10-30% TE) (60). Furthermore, 
Rippin et al. discerned no adolescent population in Europe had mean protein intakes that fell 
below the AMDR (10-15% TE) (58). Again, intakes are similar to those reported in NZ. 
2.5.3 Prevalence of inadequacy 
Few studies report the prevalence of inadequacy within adolescent groups and unfortunately, 
some literature has erroneously used the RDA to categorise inadequate intakes (25,27), while 
others have compared mean intakes to the EAR (56). As mentioned earlier, the RDA meets the 
needs of 97.5% of the population and therefore, comparison to this likely to overestimate the 
prevalence of inadequacy (46). Protein inadequacy presents more commonly in adolescents in 
conjunction with an inadequate energy intake (61,62), manifesting as protein-energy 
malnutrition (PEM) (63). In developed countries, PEM is rarely an issue, therefore, for this 
thesis only studies from countries that are comparable to NZ. Of the international literature 
reviewed, four studies reported the prevalence of inadequacy. Among Australian adolescents 
(n=1417; 14-18 years), 0.1% and 0.3% of males and females, respectively, had inadequate 
intakes in their nationally representative sample (21), although, it should be noted that the 
authors advised these reported percentages are unreliable due to a relative standard error greater 
than 50%. Additionally, data represent only one 24-hour recall from one suite of surveys from 
the Australian Health Survey, and therefore, is not a true representation of usual protein intake. 
Consequentially, the use of the EAR cut-point method in this instance is not ideal.  Similarly, 
the absence of inadequate intakes (0.0%) was observed in Spanish adolescents in 2006 
(n=211;13-17 years), in both sexes despite an inappropriate comparison to the Recommended 
Nutrient Intake (RNI) (25). Moreover, findings reflect dietary data collected between 1998-2000 
and may not be representative of present-day adolescents. Nonetheless, these findings are 
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similar to those reported in NZ. In contrast, the prevalence of inadequacy in US adolescents has 
increased from 2003 to 2016 among males (<3% to 7%) and females (8% to 11%) (26,27). The 
most recent reports of inadequacy among US adolescents were 7% and 20% of males and 
females, respectively (29). As mentioned previously, interpretations of the literature are 
complicated by the varying units used to report mean protein intakes. The latter study among US 
adolescents took into account body weight (g/kg) (29) while the former two accounted for the 
body composition of adolescents (i.e. g/kg IBW) (26,27). These methods differ further from 
those made in NZ, Australia and Spain, all of whom used an absolute amount of protein (g/day) 
to determine inadequacy (18,21,25). Evidently, there are clear limitations when comparing these 
analyses globally. Notwithstanding, a point worth revisiting is the increased likeliness of 
underreporting among adolescents, particularly in females which may lead to overestimation of 
the prevalence of inadequacy (43,44). As mentioned earlier, PEM seldom presents in developed 
countries and the prevalence of inadequacy seems to be low. Thus, it is reasonable to infer 
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recall in 20% 
of participants 
Mean intake: 
108 g/day; 16% TE 
(95% CI 15.4-16.6) 
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72 g/day; 14% TE 
• Current Food supply differs from the 
1990s 




































• Analyses include only one 24-hour 
recall from one suite of surveys from 
the Australian Health Survey 
• Inadequacy estimate is considered 
unreliable due to a relative standard 




















Mean intake (± SD): 
84.5 (± 3.24) g/day 
 
 
Mean intake (± SD): 
63.4 (± 1.88) g/day 
• Large nationally representative 
sample 
• Intakes not available as % TE 

































inadequate intakes: 20% 
• Large nationally representative 
sample 
• Inadequacy prevalence determined 
on a g/kg basis and is not 

























Mean intake (± SD): 
2001-2014: 97.3 ± 1.5; 
14.8 ± 0.1 
Range: 92.1 – 105.4 
g/day; 13.9 – 16.9 % TE 
 
Prevalence of 
inadequacy in 2013-14: 
5% 
Mean intake (± SD): 
2001-2014: 63.9 ± 0.8; 
13.8 ± 0.1 
Range: 58.7 – 67.9 
g/day; 13.3 – 14.4 % TE 
 
Prevalence of 
inadequacy in 2013-14: 
11% 
• Large nationally representative 
sample 
• Inappropriately reports 11% males 
and 3% females did not meet the 
RDA 
• 0% exceeded upper limits in both 
































• Large nationally representative 
sample 
• Intakes slightly differ from those 
reported by Berryman et al. due to 


























57.9 g/day; 15.3% TE 
• Wide age range of adolescents 
• Do not report prevalence of 
inadequacy 














Mean intake (± SD): 
88.2 ± 24.7 g/day; 
15.2% ± 2.4% TE 
Mean intake (± SD): 
61.1 ± 19.6 g/day; 
14.4% ± 2.8% TE 
• Food supply from mid 2000s’ differs 
from supply today 

























• Mean intake and prevalence of 
inadequate intakes not reported 
• Data collected in 2004 and may not 
be reflective of present day 
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• Uses information from the 2004 
Canadian Community Health 
Health Canada Canada  Repeated in Below: <3%; within: Below: 3.9%; within: Survey, Cycle 2.2 Nutrition, and 
(2009) (60)  n= 8960 37% of 98%; above: <3% 98.8%; above: 0.0% may not be reflective of today’s 
  (4414 F) participants   adolescents intakes 
      • Only reports intakes as % TE 
  10-18 years Systematic   • Variation in age groupings and 
   Review. Mean intake: Mean intake: dietary methodologies 
Rippin et al Europe n= 21 Dietary 80 g/day 64 g/day • Some countries included under- 
(2019) (58)  countries assessment   reporters and others excluded these. 
  national diet varied surveys. Range 68 – 104 g/day Range: 49 – 86 g/day Some did not specify 
  surveys     
  Mean age    • Neither males nor females met their 
  13.8 Questionnaire Mean intake: Mean intake: recommended energy intakes 
Hoppu U et al Finland  and 48-hour 80 ± 24 g/day; 16.7% ± 62 ± 18 g/day; 16.0% ± • Low participant response may mean 
(2010) (55)  n=1469 (136 recalls. 3.2% 3.0% bias introduced 
  F)     
      • Study conducted between 1998 and 
Serra-Majem  14 - 17 FFQ and two Mean intake: Mean intake: 2000, population may not be 
et al. Spain  24-hour diet 108.1g/day; 17.0% 83.4g/day; 17.1% relevant to present day and food 
(2006) (25)  n=497 (241 recalls. Prevalence of Prevalence of supply substantially differs to NZ 
  F)  inadequate intake: 0% inadequate intake: 0% • Excluded under reporters 
      • Inappropriately compared 
      inadequacy to RNI 
      • Small sample size confined to one 
Klimis-Zacas Greece Mean age Three-day Mean intakes: Mean intakes: city in Greece 
et al.  17.5 food record. 111.1 g/day; 15.4%TE; 67.0 g/day; 14.7% TE; • Inappropriately state both sexes 
(2007) (56)    1.59 g/kg 1.25 g/kg meet their EAR for protein intakes 
  n=114 (61 F)     
 
Abbreviations: F: female; FFQ: food frequency questionnaire; % TE: percentage contribution to total energy, g/day = average intake of protein expressed as grams per 
day, NZ = New Zealand; NHANES: National Health and Nutrition Examination Survey; NDNS: National Diet and Nutrition Survey; sample n: sample number, RNI: 
Recommended Nutrient Intake; EAR: Estimated Average Requirement. 
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2.6 Food sources of protein 
 
2.6.1 Sources of protein 
Protein can be obtained in abundance through a wide variety of foods. High protein sources 
include animal sources: meat, eggs and dairy; and plant foods: legumes (lentils and beans), nuts 
and seeds, soy products and grains. Protein sources may be categorised into two forms: complete 
and incomplete protein. Complete proteins refer to food sources which provide all of the 
essential amino acids (EAAs), while incomplete proteins are missing one or more EAA (13). All 
animal proteins are classified as complete proteins, whereas most plant sources of protein are 
considered incomplete. Consumption of a variety plant sources, however, allows for all essential 
amino acids to be obtained in the diet. As a result, in developed countries, most people are able 
to meet their daily protein requirements from a range of dietary sources (18,54,64). In addition to 
EAAs, dietary sources of protein also contribute to intakes of other nutrients such as 
carbohydrates, calcium, vitamin D, iron and dietary fibre (18,65). Underconsumption of these 
nutrients has been associated with adverse health outcomes, including poor growth in 
adolescents (3). In turn, it is vital that adolescents consume high quality protein sources to 
enhance overall diet quality in adolescents. 
2.6.2 Protein sources in New Zealand 
The 2008/09 Adult Nutrition Survey New Zealand examined the sources of protein in adolescent 
males and females, aged 15-18 years (18). Table 2.4 provides examples of food items and their 
food group categorisation used in this survey. Bread-based dishes were the largest source of 
protein for males, contributing 14.1% of total protein. Other major dietary sources include 
poultry (10.5%), bread (9.9%), grains and pasta (7.3%) and milk (7.2%). Similar trends were 
identified in the food sources of females, with bread-based dishes also presenting as the largest 
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contributor of protein at 12.6%, although slightly lower than their male counterparts (14.1%). 
This was followed by bread (10.8%), poultry (9.8%), and grains and pasta contributing a 
relatively higher percentage of 9.2% (18). Breads-based dishes were not a major protein source 
for the total population in males (7.8%) or females (5.4%), and their contribution to the 
adolescent diet increased substantially from the 1997 NNS to the 2008/09 ANS (9% to 14.1% in 
males and 8% to 12.6% in females). Thus, their relative importance in this age-group is 
highlighted. Examples of bread-based dishes include pizza, sandwiches and spring rolls (66). 
Dairy products (e.g. cheese) and flesh foods are common ingredients in these foods and may 
explain their high contribution of protein. Furthermore, some of these foods are usually high in 
saturated fat and salt; nutrients that are well documented to have detrimental impacts on long 
term health and comorbidity risk when consumed in excess during adolescence (67,68). 
2.6.3 Global sources of dietary protein 
 
Food sources of protein and their contribution to the adolescent diet are shown in Table 2.6. 
Animal protein consistently contributes a large portion of dietary protein across developed 
countries globally. In 2005-2006, meat and meat products contributed 40.6% and 38.6% of 
protein to the diets of Irish male and female adolescents (15-17 years), respectively (19). 
Similarly, meat was a main source of protein among Australian (31.3% and 30.5% of protein to 
males and females, respectively, 14-18 years) (54), British (8%, 11-18 years; male and female 
combined) (59) and Spanish adolescents (34.62%, 13-17 years; male and female combined) (57). 
Meat intakes among the NZ adolescent population seem to be substantially lower compared to 
global trends. However, the ability to compare protein sources is difficult, given the differing 
categorisations of food groups across literature. For example, in the NZ survey, differing meat 
sources were split in separate categories (Table 2.5) whereas other studies combined all meat 
sources into one category (19,54,57,59). Milk and milk products ranged from 11.7% in Irish 
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female adolescents (19) to 17.9% in Spain (male and female combined) (57), and contribute 
higher percentages to total energy compared with NZ (6.6% females and 7.2% males) (18). 
The majority of literature assessing protein sources are at least several years old. The 
food supply in NZ has changed over this time e.g. there have been increases in the amount of 
processed foods and consumption of food away from home, particularly in the adolescent 
population (69). More specifically, the food supply of protein-rich foods has changed over time, 
particularly the increase in commercially produced protein foods, such as tofu and tempeh; 
falafel; and protein powders, which may replace animal sources (70,71). 
To the best of my knowledge, the only analyses of trends in sources of protein overtime 
was conducted in US adolescents (12-19 years). This was from nationally representative samples 
using NHANES data from 1999-2010 (64). It is difficult to compare these intakes to global 
literature, as the intakes are expressed as g/kg/day. Nevertheless, all poultry (0.72 to 0.86 g/kg) 
and chicken intakes (0.59 to 0.74 g/kg) increased while beef intakes decreased (0.92 to 0.67 
g/kg), significantly. Unfortunately, data reviewed in this study is over 10 years old and may not 
reflect the food environment in the US today. These dietary changes, however, reiterate the need 
for an up to date analysis of main protein sources within this age group. 
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Table 2.5. Examples of food items and their food group categorisations from the 2008/09 
Adult Nutrition Survey New Zealand1 
Food group Examples of food items included 
Beef and veal All muscle meats (steak, mince, corned beef, roast, schnitzel, 
etc), stews, stir-fries 
Poultry All chicken, duck, turkey and mutton bird muscle meats and 
processed meat, stews and stir-fries 
Pork All muscle meats (roast, chop, steak, schnitzel, etc), bacon, 
ham, stews, stir-fries 
Sausages and processed meats Sausages, luncheon, frankfurters, saveloys/cheerios, salami, 
meatloaf and patties 
Fish and seafood All fish (fresh, frozen, smoked, canned, battered, fingers, 
etc), shellfish, squid, crab, fish/seafood dishes (pies, 
casseroles and fritters), fish/seafood products 
Milk All milk (cow, soy, rice, goat and flavoured milk), 
milkshakes, milk powder 
Grains and pasta Rice (boiled, fried, risotto, sushi, salad), flour, pasta/noodles, 
bran, cereal-based products and dishes (pasta and sauce, 
lasagne, pasta salad, noodle soup, chow mein) 
Bread All types of bread (rolls, pita, foccacia, garlic), bagels, 
crumpets, sweet buns 
Bread-based dishes Sandwiches, filled rolls, hamburgers, hotdogs, pizza, nachos, 
doner kebabs, wontons, spring rolls, stuffings 
Potatoes, kumara and taro Mashed, boiled, baked potatoes and kumara, hot chips, 
crisps, hash browns, wedges, potato dishes (stuffed, 
scalloped potatoes), taro roots and stalks 
Vegetables All vegetables (fresh, frozen, canned) including mixes, 
coleslaw, tomatoes, green salads, legumes and pulses, 
legume products and dishes (baked beans, hummus, tofu), 
vegetable dishes 
Nuts and seeds Peanuts, almonds, sesame seeds, peanut butter, chocolate/nut 
spreads, coconut (including milk and cream), nut-based dips 
(pestos) 
Snack foods Corn chips, popcorn, extruded snacks (burger rings etc), 
grain crisps 
Supplements providing energy Meal replacements, protein supplements (powders and bars) 
















Food sources (% contribution of food groups to protein) 
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Bread-based dishes (14.1%) 
Poultry (10.5%) 
Bread (9.9%) 
Grains and pasta (7.3%) 
Milk (7.2%) 
Beef and veal (7.2%) 
 
Bread-based dishes (12.6%) 
Bread (10.8%) 
Poultry (9.8%) 
Grains and pasta (9.2%) 
Milk (6.6%) 
Beef and veal (6.0%) 
• Nationally representative 
NZ sample 
• Poultry and beef/veal meats 
are divided whereas in other 
studies this is combined. 
• Data collected over 10 years 
ago 
• Food supply has likely 



















recall in 15% 
of participants 
 
Beef and veal (14%) 
Milk (10%) 






Beef and veal (9%) 
Bread-based dishes (8%) 
Pork (6%) 
• Food grouping was different 
to the 08/09 Adult Nutrition 
Survey, and is not directly 
comparable e.g. protein 
supplements and muesli bars 
are categorised differently 
• Food supply in 1990’s may 














 Meat, poultry and game products 
and dishes (31.3%) (Beef, sheep, 
pork (11.4%); other meat (19.9%)) 
Cereal-based products and dishes 
(26.1%) 
Cereals and cereal products 
(13.7%) 
Milk products and dishes (12.8%) 
(Dairy milk (6.6%)) 
Fish and seafood products and 
dishes (2.5%) 
Meat, poultry and game products 
and dishes (30.5%) (Beef, sheep 
and pork (8.4%). Poultry (6.1%) 
and feathered game + mixed 
poultry/feathered game (7.9%)) 
Cereal-based products and dishes 
(22.6%) 
Milk products and dishes (13.9%) 
Cereal and cereal products 
(13.6%) 
Fish and seafood products and 
dishes (3.4%) 
• Includes only one 24-hour 
diet recall from one suite of 
surveys that are part of the 
Australian Health Survey 





    Legume and pulse products and 
dishes only (0.8%) 
Legume and pulse products and 


















Male and female combined food sources: 
Meat and meat products (38%) 
Cereals and cereal products (26%) 
Milk and milk products (14%) 
Fish and fish dishes (4%) 
• Wider age range of 
adolescents and no analysis 
of sources by sex 
• Self-reported diet diary may 
have led to greater 
underreporting bias 





















Meat and meat products (40.4%) 
Milk and yoghurt  (13.6%) 
Bread and rolls (11.2%) 
Grains, rice, pasta and savouries 
(7.1%) 
Breakfast cereals (5.0%) 
Potatoes and potato products 
(4.4%) 
Meat and meat products (38.6%) 
Bread and rolls (12.3%) 
Milk and yoghurt (11.7%) 
Grains, rice, pasta and savouries 
(7.4%) 
Potatoes and potato products 
(5.5%) 
Sugars, confectionary, preserves 
and savouries (4.5%) 
• Data collected 15 years ago 
and may not reflect sources 
of Irish adolescent today. 
• Food supply differs from 
present day 
 
















Male and female combined food 
sources: 
Meat and meat products (34.62%) 
Grains (19.07%) 
Milk and dairy products (17.93%) 
Fish and shellfish (6.33%) 
Ready to eat meals (7.46%) 
 • No analysis of source by sex 
• Food supply in Spain differs 
from that of NZ 
• Photo diary methodology 
may have led to incorrect 
portion estimations 
 

















Significant changes expressed as 
g/kg: 
Chicken increased 36.7% from 
0.60 ± 0.07 to 0.82 ± 0.05 
All poultry intakes increased 
30.1% from 0.73 ± 0.07 to 0.95 ± 
0.05 
Egg intakes decreased 6.3% from 
0.32 ± 0.03 to 0.30 ± 0.04 
Significant changes expressed as 
g/kg: 
Chicken increased 11.9% from 
0.59 ± 0.06 to 0.66 ± 0.07g/kg 
All poultry intakes increased 
9.9% from 0.71 ± 0.07 to 0.78 ± 
0.07 
Egg intakes increased 45.8% 
from 0.24 ± 0.03 to 0.35 ± 0.03 
• Displays the source of 
protein in g/kg/day which is 
unable to be compared to 
other literature. 
• Used only one 24-hour diet 
recall 
• Nationally representative 
sample 
Abbreviations: %: percentage; NZ: New Zealand, FFQ: food frequency questionnaire; g/kg/day: grams of protein per kilogram of body weight per day 
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2.6.2 Factors influencing protein intake 
Adolescence is a time of increasing independence and autonomy over food choices. Dietary 
trends, peer influences, sustainability, allergies, cultural and religious factors may influence the 
sources of protein in the adolescent diet (2,11,70). Socio-economic status (SES) has also been 
shown to influence the protein intakes. A higher prevalence of protein inadequacy was observed 
in Canadian adolescents who lived in food-insecure households (72). Similar associations were 
observed in Mexican adolescents (73). The association between poor diet quality and low SES 
has been well documented in NZ (74,75), and food insecurity is noted to be higher in households 
with children (76). The 2002 New Zealand Children’s Nutrition Survey found food insecurity 
was prevalent in approximately half of households studied (76). Additionally, food insecurity 
increased in adolescents from 1997 to 08/09 in NZ (3.8% to 8.8% in females and 1.6% to 5.6% 




Protein is an essential macronutrient that forms the structural and functional components within 
the body. Adequate protein intake in the adolescent population is imperative to support growth, 
development, bone health and immunity. The most recent analysis of protein intakes in NZ found 
the intakes to be similar to those in other developed countries, with a low prevalence of 
inadequacy. It may be tempting for protein to be dismissed as low-risk nutrient by health 
professionals and researchers. However, these data in NZ were collected over 10 years ago and 
are; therefore, outdated. Moreover, there are indications that the prevalence of inadequacy is 
increasing internationally. Given the vital role protein plays in adolescent health, while also 
considering the food environment is perpetually changing, it would be of benefit to obtain data 
that reflect present day adolescents. The SuNDiAL study provides an opportunity for an overdue 
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analysis, which can assist New Zealand health professionals appropriately target interventions 
and guidelines to this group. 
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3. Objective Statement 
 
This thesis focuses on the protein intakes of adolescent males and females aged 15-18 years, 
living in New Zealand. 
 
 
The objectives specific to this thesis were to: 
 
1) Assess the dietary intake of protein in a sample of adolescent males and females in New 
Zealand. 
2) Estimate and compare the prevalence of inadequate protein intakes among male and 
female adolescents in New Zealand. 
3) Identify the main dietary sources of protein for adolescent males and females in New 
Zealand. 
4) Compare and contrast protein intakes and sources between male and female adolescents 





4.1 Survey design 
 
The overall objective of Survey of Nutrition, Dietary Assessment and Lifestyle (SuNDiAL) was 
to describe the dietary intakes and habits, health and nutritional status, attitudes, motivations, 
screen time and activity patterns of a sample of adolescent males and females in New Zealand. 
This nationwide, cross-sectional study was conducted over an 18-month period from February 
2019 until June 2020, by the Department of Human Nutrition at the University of Otago. 
Researchers were Master of Dietetics (MDiet) students, who collected data in three phases; all of 
which are analysed in this thesis. A convenience sample of adolescents, clustered by high 
schools were the study participants. Data from adolescent females were collected between 
February and March (phase one) and June and July (phase two) 2019 across New Zealand 
(Whangarei, Tauranga, New Plymouth, Wellington, Nelson, Christchurch, Dunedin and 
Wanaka). Recruitment of males took place between February and April of 2020 (phase three) in 
various locations (Auckland, Wellington, Christchurch and Dunedin). The study protocols were 
developed by Drs Meredith Peddie and Jill Haszard. In 2019, MDiet students investigated the 
intakes between vegetarian and non-vegetarian females (77) while the present analysis focuses 
on comparisons between males and females. The portion of SuNDiAL study methods relevant to 
the present thesis are described in this chapter. 
 
4.2 Ethical approval 
 
Ethics approval was obtained by the University of Otago Human Ethics Committee (Health): 
H19/004 (Appendix A) and H20/004 (Appendix B); and was registered with the Australian 
New Zealand Clinical Trials Registry ACTRN12619000290190 in 2019; and 
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ACTRN12620000185965 in 2020. The Ngāi Tahu Research Consultation Committee provided 
consultation for Māori (Appendices C and D). All participants provided informed consent 
through an electronic form. Additional parental consent was obtained for participants 15 years of 
age. 
 
4.3 Study procedure 
 
4.3.1 School recruitment 
 
From November 2018, the SuNDiAL study coordinator and Primary Investigators (PIs) sent an 
email invitation to schools with adolescent females, based on their location, school roll and 
decile. Schools from a range of deciles (lower deciles were preferential) were emailed as well as 
those with a large school roll (i.e. schools with 200 or more female students at all-girls and co- 
educational schools). Researchers were paired and located throughout the country; thus, it was 
essential all schools were located in areas convenient to the researchers. The goal was to recruit 
one school per pair. Initially, invitations were sent to three schools per pair of researchers, in 
their respective locations. If no schools responded in an area after two weeks, follow-up phone 
calls and emails were re-sent to schools. In areas where school recruitment remained 
unsuccessful, a second round of invitations were sent via email to more schools in the area. 
Invitations were extended to schools with smaller school rolls and/or higher deciles in locations 
available to researchers. 
School recruitment for males took place from October of 2019, again by the PIs and 
study coordinator. Similarly, researchers were paired and located throughout the country. Once 
again, the goal was to recruit one school per pair. Recruitment differed from the previous year 
with all schools in areas accessible to researchers with school rolls consisting of 200 or more 
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male students, receiving an email invitation. Follow-up emails and phone calls were undertaken 
after two weeks with non-responsive schools. 
In addition to the recruitment methods described above, word of mouth and in school 
visits were undertaken as a means of recruitment across both years of school recruitment. These 
were initiated by the SuNDiAL coordinator, PIs, university liaisons and data collectors. Schools 
interested in participating provided written consent to SuNDiAL, signed by a school 
representative, e.g. the school principle. 
4.3.2 Participant recruitment 
 
Participants were recruited at their schools, during school hours. Researchers delivered short 
presentations to students at participating schools, providing an overview of the SuNDiAL study. 
Depending on the preference of the school, researchers presented to whole school assemblies, 
year group assemblies or student classes. For further information, prospective participants were 
provided information sheets (Appendix E), directed to the study website 
(www.otago.ac.nz/sundial), and given the opportunity to ask researchers questions following the 
presentation. 
 
Students enrolled on an opt-in basis, and were prompted to supply their name, age, high 
school, email address, and email address of parent/guardian if 15 years of age. Subsequently, 
individuals were assigned a unique study identification code and were emailed a link to a 
questionnaire on Research Electronic Data Capture (REDCap) (Vanderbilt University, Nashville, 
United States of America), where they could provide online consent for study participation. 
Students 15 years of age were required to obtain additional consent from a parent and/or 
guardian. After providing consent, participants were prompted to answer a set of questions about 
their health and demographics (Appendix F and G). Subsequentially, an online questionnaire 
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assessing the motivations and attitudes to food choice, weight-loss intentions and methods and 
dietary habits was completed by participants in their own time, once again, using the web 
application REDCap. 
4.3.3 Inclusion and exclusion criteria 
 
The inclusion criteria were self-identified males and females enrolled in high schools in New 
Zealand, between 15 and 18 years old. All participants had to be able to speak and understand 
English to complete the study and complete the questionnaires. Females who were knowingly 
pregnant and participants aged 15 years old, who were unable to obtain consent from a parent or 
guardian were excluded from the study. 
 
4.4 Participant demographics 
 
Participant demographics were determined using the initial online health and demographics 
questionnaire, which required participants to state their age, the ethnic group(s) they identified 
with and their home address. Age was determined by the difference between the day each 
participant completed this questionnaire and their respective date of birth. Ethnicity is a measure 
of cultural affiliation and was assessed with the use of the 2006 New Zealand census question 
(78), whereby participants self-identified the ethnic group(s) they affiliated with. Where two or 
more groups were identified, a single ethnic group was assigned to the participant using the 
priority classification system, defined by the New Zealand Ministry of Health (78). Ethnicity was 
prioritised in the following order: Māori, Pacific, Asian, NZ European and Other. If ‘other’ was 
selected, the participant was prompted to specify which ethnic group(s) they identified with. 
Socio-economic status was determined on the basis of the New Zealand deprivation index 
(NZDep2018); an area-based measure which groups deprivation into deciles (79). Each 
participants' home address corresponded with a neighbourhood mesh-block, of which was used 
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to assign participants into deciles. Decile one indicates the least deprived and 10 indicates the 
most deprived. For the present study, these deciles were grouped into three categories: low 
(decile 1-3), moderate (decile 4-7) and high deprivation (decile 8-10). 
 
4.5 Data collection 
 
4.5.1 Dietary assessment 
 
Data collectors contacted participants and made an individual, face-to-face appointment with a 
member of the research team at the participant’s school, during school hours. Twenty-four-hour 
dietary recalls were conducted to estimate nutrient intake. Participants were asked to recall 
everything they consumed the previous day, from midnight to midnight. All researchers were 
trained in accordance with the ‘multiple pass method’ which involves three passes (80). Firstly, a 
quick list of food and fluids consumed across the 24-hour period were listed and recorded on 
paper. Secondly, researchers obtained additional information including time of consumption, 
quantities, cooking methods, brands of food and any other relevant details. Quantities of food 
and food portions were estimated using food models, common household measures (e.g. mugs, 
measuring jugs, cups, bowls and plates) and visuals aids, such as photographs of portion sizes. 
Lastly, the researcher reviewed the recorded dietary information, checking for any further 
additions the participant may have left out. A second 24-hour recall was completed via video or 
phone call. This was planned to be carried out on a weekend day, to account for weekend 
variation in the diet. Due to COVID-19, face-to-face appointments were unable to be undertaken 
in a subgroup of male participants. For these participants, both twenty-four-hour recalls were 
completed over video or phone call using the same 24-hour diet recall protocol. A copy of the 
24-hour diet recall protocol can be found in Appendix H. 
Dietary intake data were recorded on paper, then transferred to and coded using the 
FoodWorks 9 (Xyris Software Australia Pty Ltd), which uses the food composition database for 
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New Zealand (FOODfiles 2014 (The New Zealand Institute for Plant & Food Research 
Limited)). This allowed for energy and protein intakes to be estimated. Dietary data were 
analysed and adjusted for usual intake through the Multiple Source Method (MSM) (described in 
section 4.6.2). 
To assist with data entry all researchers were provided with the same resources to allow 
for consistency across data entry. The software ‘Kai-culator’ (a dietary assessment tool designed 
and developed by the Department of Human Nutrition, University of Otago) (81) was utilised to 
estimate food recipes and portion sizes from participants. These had been reviewed by food 
analysis experts during previous research. A SuNDiAL codebook was also provided, which 
comprised of codebook instructions, food weight estimation rules, food weight default estimates, 
default foods SuNDiAL, default foods bread matches, substitutions SuNDiAL study and default 
foods, substitutions and recipes from previous research studies. In a case where a food item was 
not in the existing database, the nutrition information panel was used to find a close match in the 
system. Where this was unattainable, the product and its nutrient content were added into the 
database. 
All researchers undertook two weeks of training in accordance with Standard Operating 
Procedures to reduce inter-individual variation when conducting 24-hour diet recalls and 
entering dietary data. An audit of at least two diet recalls by each researcher was undertaken by 
Liz Fleming to ensure uniformity and accuracy between researchers. All data entries were 
screened by a member of the research team for any outliers or extreme values to allow for entry 
errors to be identified, thereby reducing chance of error. Values that were considered an 
unrealistic dietary intake were classified as outliers.   
4.5.2 Supplement usage 
Participants were asked a series of questions related to supplement usage in the dietary habits 
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questionnaire. Of the options available, participants chose the option which aligned with their 
usual consumption. Questions pertaining to supplemental protein requested the participants to 
list which dietary supplements they consumed, the duration of consumption over the previous 
12- month period and were prompted to attach photos of supplements if feasible (Appendix I 
and J). 
4.5.3 Anthropometric measurements 
 
Anthropometric data were collected at the first school visit by researchers. Heights and weights 
were measured in duplicates. If the difference between the first and second measurement 
exceeded the maximum allowed difference (i.e., a difference of 0.5 units or greater), then 
triplicate measures were recorded. The average of the duplicate, or triplicate measures were used 
as data. Weights were recorded using calibrated scales (one of Salter 9037 BK3R; Soehnle Style 
Sense Comfort 400; Medisana PS420; or Seca Alpha 770). Standing heights were measured 
using stadiometers (Wedderburn; and Seca 213). All measurements were taken in compliance 
with robust protocols and researchers were trained in accordance to these (Appendix K). All 
equipment including scales and stadiometers were standardised at the University of Otago, then 
were sent to various study locations across New Zealand. 
For the measurement of height, participants stood on the centre of the stadiometer base with their 
head, shoulder blades, buttocks and feet touching the measurement surface. Feet were flat, toes 
pointing outward at approximately a 60-degree angle with heels together. Participants heads were 
aligned in the Frankfort horizontal plane, which is achieved when a horizontal line connects the 
lower orbit of the eye, to the ear canal. Body Mass Index (BMI) was calculated using the equation: 
BMI = weight (kg) ÷ height (m²). BMI z-scores were calculated and classified using the WHO 
BMI-for-age growth chart for 5-19-year-old age group (82). Weight categories were defined using 
the BMI z-scores as follows: thinness as < -2 standard deviations (SD); normal healthy weight as ≥ 
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-2SD to ≤ +1 SD; overweight as >+1 SD (equivalent to BMI at 25.4kg/m² for boys and 25.0kg/m² 
for girls at 19 years); and obese as >+2 SD (equivalent to BMI 29.7kg/m2 at 19 years for both 
sexes) (82). 
 
4.6 Statistical analysis and methods 
 
4.6.1 Sample size and statistical power 
 
A sample size of 300 female and 150 males was calculated for the overall SuNDiAL study. A 
design effect (for school clusters) was found to be 1.5 in 2019 and assumed as 1.5 in 2020. A 
minimum of 300 girls and 150 boys were aimed to be recruited, to allow school clusters to result 
in a small design effect, while accounting for incomplete data and drop-outs. In 2019, a small 
intra-class correlation (less than 0.04) was identified, meaning it is likely the design effect in 
2020 from school clusters is less than 1.5 (if at least 10 males participate from each school). In 
2020, mean protein intakes with a 95% precision interval were estimated with a requirement of 
100 male participants providing a precision level of +/- 0.2 SD (standard deviation). The sample 
size of 300 females and 150 male participants was not achieved. It was estimated the 
aforementioned sample sizes would provide “80% power to the α=0.05 level to detect a 0.5 
standard deviation difference (a “moderate” difference) in continuous outcome variables” (77) 
between males and females. The present study was halted prematurely, due to the unprecedented 
onset of COVID-19. Therefore, the present sample numbers are 135 and 266 for males and 
females, respectively. 
4.6.2 Statistical analysis 
 
Statistical analyses were performed by the study biostatistician, Dr Jill Haszard with the use of 
Stata (StataCorp. 2017.Stata Statistical Software: Release 16 College Station, TX: StataCorp 
LLC) and Excel (Microsoft Excel for Office 365). Dietary recall data were analysed through 
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the Multiple Source Method (MSM) which adjusted for ‘usual intake; based on the differences 
between each person’s two dietary recalls and the spread of the data (80). Estimates of mean 
protein intakes (presented in grams, grams per kg and as a percentage of total energy) with 
95% confidence intervals, mean differences and the prevalence of inadequate intakes were 
calculated by the candidate, using Excel (Microsoft Excel for Office 365). Foods sources of 
protein for participants were calculated by Dr Jill Haszard, through the proportion of total 
protein intake from 33 food groups. Food groups were designed by and utilised from the 
2008/09 Adult Nutrition Survey (66). The top 10 food sources mean differences and respective 




5.1 School and participant recruitment 
 
In total, 19 schools were recruited for the SuNDiAL study (Figure 5.1); 13 in 2019 and six in 
2020. Figure 5.2 illustrates the flow of participants through the SuNDiAL study. Phase one and 
two represent the recruitment of adolescent females in 2019, while phase three represents 
recruitment of males in 2020. The response rate from eligible high-school students was 14.6%. 
Of the 418 participants who consented to participate, 401 were included in the analysis. The 
number of females included in the analysis (n=266) was substantially higher than males (n=135). 
Twenty-four-hour diet recalls were completed by 350 participants, which are analysed in the 
present thesis. A high portion of participants (81.7%) completed a second recall, with completion 
from a greater proportion of female compared to male participants (86.4% vs 70.6%). 
 
 
5.2 Participant demographics 
 
Table 5.1 details the baseline participant demographics for the present study, categorised by sex. 
The mean age of participants was 16.7 years, and over two-thirds of the population (68%) were 
female. The majority of participants were NZEO (71.3%), although this contribution was 
relatively higher in the female population (78.4%) compared to the male (56.6%). A 
substantially higher proportion of male participants were from the Asian ethnic group (31.8%) 
compared to females (3.4%) and there were no males aged 18 years. The majority of participants 
BMI z-scores were categorised as healthy (65.9%), with no notable differences between sexes. 
Similar proportions of participants were situated in areas of low and moderate deprivation 
(38.7% and 40.7%) and lower proportions of participants residing in highly deprived areas 
(20.6%). BMI z-scores were categorised as healthy (65.9%), with no notable differences between 
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sexes. Similar proportions of participants were situated in areas of low and moderate deprivation 




































Figure 5.1. Flow chart illustrating school recruitment 










of adolescent males 
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Figure 5.2. Flow chart illustrating participant recruitment and flow 
Phase 1: February – April 2019 Phase 2: July – September 2019 Phase 3: February – April 2020 
Participants enrolled and consented (n=418) 
(phase 1 (n=145); phase 2 (n=127); phase 3 (n=146)) 
Incomplete consent (n=101) 
No parental consent (n=76) 
Incomplete enrolment (n=10) 
Excluded, 19 years old (n=1) 
Incomplete consent (n=69) 
No parental consent (n=17) 
Incomplete enrolment (n=5) 
Data withdrawn (n=1) 
Excluded, 19 years old (n=1) 
Incomplete consent (n=89) 
No parental consent (n=22) 
Incomplete enrolment (n=7) 
Responded (n=263) 
Did not complete questionnaires or 
24-hour recall (n=16) 
(phase 1 and 2 combined (n=6); phase 
3 (n=11)) 
Participants included in analysis (n=401) 
(phase 1 and phase 2 combined (n=266); phase 3 (n=135)) 
Second 24-hour recall 
completed (n=281) 
(phase 1 and phase 2 combined 
(n=209); phase 3 (n=72)) 
All questionnaires completed 
(n=392) 
(phase 1 and phase 2 combined 




(phase 1 and phase 2 
combined (n=240); phase 3 
(n=109)) 
First 24-hour recall 
completed (n=345) 
(phase 1 and phase 2 combined 






























15 72 (18.0) 20 (14.8) 52 (19.5) 
16 166 (41.4) 71 (52.6) 95 (35.7) 
17 150 (37.4) 44 (32.6) 106 (39.9) 
18 13 (3.2) 0 (0.0) 13 (4.9) 
Ethnicity    
NZEO 280 (71.3) 73 (56.6) 207 (78.4) 
Māori 54 (13.7) 12 (9.3) 42 (15.9) 
Pacific 9 (2.3) 3 (2.3) 6 (2.3) 
Asian 50 (12.7) 41 (31.8) 9 (3.4) 
Missing 8 6 2 
NZDep20183    
Low (1-3) 152 (38.7) 46 (35.6) 106 (40.2) 
Moderate (4-7) 160 (40.7) 54 (41.9) 106 (40.2) 
High (8-10) 81 (20.6) 29 (22.5) 52 (19.7) 
Missing 8 6 2 
BMI z-scores4    
Underweight (BMI z-score <-2) 1 (0.3) 1 (0.9) 0 (0.0) 
Healthy (BMI z-score ≥-2 & ≤1) 230 (65.9) 73 (67.0) 157 (65.4) 
Overweight (BMI z-score >1 & 
≤2) 
86 (24.6) 29 (26.6) 57 (23.8) 
Obese (BMI z-score >2) 32 (9.2) 6 (5.5) 26 (10.8) 
Missing 52 26 26 
Abbreviations: n=sample number; SD, standard deviation; NZEO, New Zealand European/Other; NZDep2018, New 
Zealand Deprivation Index 2018; BMI, Body Mass Index. 
1 All data represent number (percentage) unless otherwise specified; percentages reflect available data only. 
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2 Defined by years of age on the day study consent was provided. 
3 Defined by the New Zealand Deprivation Index 2018, in which 1 indicates the least deprived areas and 10 the most 
deprived areas. 
4 BMI z-scores were defined using the World Health Organisation classification. 
 
 
5.3 Mean protein intakes 
 
Mean usual dietary protein intakes expressed in g/day are shown in Table 5.2. The average 
protein intake was 83.8 g/day (95% CI: 80.9, 86.7) for all participants; 109.5 g/day (95% CI 
104.1, 114.9) among males; and 73.0 g/day (95% CI: 70.6, 75.3) among females. Intakes ranged 
from 60 – 238 g/day and 30 – 135 g/day among males and females, respectively. Mean intakes of 
protein were significantly higher among males compared to females, and this statistical difference 
was noted to be significant across most demographic variables, excluding those of Pacific 
ethnicity and those who were underweight. Both of these groups were small and 
underrepresented in the present analysis, and therefore, caution should be exercised when 
interpreting these findings. The mean energy intakes of males (10077 kJ (95% CI: 9445, 10708)) 
was significantly 23% (2117 kJ) higher than their female counterparts (7969 kJ (95% CI: 7734, 
8184). 
 
When assessing usual mean protein intakes in terms of g/kg (Table 5.3), the average 
intake was 1.27 g/kg (95% CI: 1.22, 1.31) for all participants. Intakes among males were 
statistically higher compared with females (1.63 g/kg (95% CI 1.54, 1.73) vs 1.14 (95% CI: 1.09, 
1.18)). Further, intakes were generally higher by 0.46 - 0.50 g/kg across demographic variables 
among males compared with females. A trend of lower protein intakes was observed across all 
participants and both sexes, from healthy to obese. For example, protein intakes among all 
participants were 1.38 g/kg in healthy individuals compared to 0.82 g/kg in obese individuals. 







Table 5.2. Mean usual protein intakes (grams per day), analysed by sex 
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73.0 (70.6, 75.3) 
 
36.5 (30.7, 42.4)* 
Age (years)        
15-16 202 83.6 (79.8, 87.3) 68 104.8 (98.3, 111.5) 133 72.7 (69.3, 76.0) 32.2 (24.9, 39.5)* 
17-18 143 84.0 (79.4, 88.6)1 34 118.8 (109.8, 127.75)1 109 73.3 (69.9, 76.7) 45.5 (36.2, 54.8)* 
Ethnicity        
NZEO 245 82.1 (79.0, 85.3) 57 110.5 (103.8, 117.2) 188 73.6 (71.0, 76.2) 36.9 (29.9, 44.0)* 
Māori 45 74.7 (67.2, 82,3) 7 107.1 (78.4, 135.7) 38 68.8 (62.6, 75.0) 38.3 (14.6, 62.0)* 
Pacific 9 108.9 (69.0, 148.9) 3 145.8 (-52.4, 344.0) 6 90.5 (65.8, 115.3) 55.3 (-36.9, 147.5) 
Asian 38 93.9 (85.7, 102.0) 29 101.3 (93.8, 108.8) 9 69.9 (50.4, 89.4) 31.4 (13.3, 49.5)* 
BMI, (z-score)2        
Underweight 1 94.94 1 94.94 - - - 
Healthy 214 82.8 (79.5, 86.2) 7 107.5 (101.4, 113.6) 157 73.9 (71.0, 76.8) 33.6 (27.0, 40.3)* 
Overweight 82 85.7 (78.1, 93.3) 25 119.6 (104.2, 134.9) 57 70.8 (65.5, 76.1) 48.7 (33.3, 64.2)* 
Obese 31 77.8 (68.6, 87.1) 5 115.2 (79.3, 151.1) 26 70.6 (63.7, 77.5) 44.6 (18.4, 70.8)* 
NZDep20183 
       
Low 1-3 128 80.1 (76.0, 84.1) 31 102.9 (95.4, 110.4) 97 72.8 (68.9, 76.6) 30.1 (68.9, 76.6)* 
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Moderate 4-7 141 85.5 (81.3, 89.8) 41 110.4 (102.4, 118.4) 100 75.3 (71.8, 78.9) 35.0 (26.5, 43.5)* 
High 8-10 69 83.8 (75.5, 92.0) 24 112.8 (97.2, 128.4) 45 68.3 (62.3, 74.3) 44.6 (28.7, 60.4)* 
Abbreviations: g/day, grams of protein per day; n=sample number; CI, 95% confidence interval; NZEO, New Zealand European/Other; NZDep2018, New 
Zealand Deprivation Index 2018; BMI, Body Mass Index. 
*Indicates statistical significance between males and females. 
1 No males were aged 18 years in this sample. 
2 BMI z-scores were defined using the World Health Organisation classification; Underweight: z-score <-2; Healthy: z-score ≥-2 & ≤1; Overweight: z-score >1 & 
≤2); Obese: z-score >2. 
3 Defined by the New Zealand Deprivation Index 2018, in which 1 indicates the least deprived areas and 10 the most deprived areas. 





Table 5.3. Mean usual protein intakes and the prevalence of inadequacy, analysed by sex 
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Males 


















































0.50 (0.39, 0.60)* 
Age (years) 
          
15-16 189 1.29 (1.23, 1.35) 3.7 58 1.63 (1.51, 1.75) 0.0 131 1.14 (1.08, 1.20) 5.3 0.48 (0.35, 0.62)* 
17-18 139 1.23 (1.16, 1.31)3 3.6 30 1.64 (1.47, 1.80) 0.0 109 1.13 (1.07, 1.19) 7.3 0.51 (0.34, 0.68)* 
Ethnicity 
          
NZEO 233 1.24 (1.19, 1.29) 3.0 47 1.56 (1.48, 1.70) 0.0 186 1.16 (1.12, 1.21) 3.8 0.43 (0.31, 0.55)* 
Māori 45 1.11 (0.99, 1.23) 13.3 7 1.53 (1.06, 2.00) 0.0 38 1.03 (0.92, 1.14) 15.8 0.50 (0.11, 0.89) 
Pacific 8 1.36 (0.70, 2.00) 0.0 3 1.70 (-1.39, 4.79) 0.0 5 1.15 (0.70, 1.60) 0.0 0.55 (-0.90, 1.99) 
Asian 36 1.54 (1.39, 1.69) 2.8 27 1.64 (1.49, 1.80) 0.0 9 1.21 (0.86, 1.57) 11.1 0.43 (0.09, 0.76) 
BMI, (z-score)4 
          
Underweight 1 1.766 - 1 1.766 0.0 - - - - 
Healthy 214 1.38 (1.32, 1.43) 0.9 57 1.73 (1.63, 1.84) 0.0 157 1.25 (1.20, 1.29) 1.27 0.49 (0.37, 0.60)* 
Overweight 82 1.16 (1.06, 1.25) 6.1 25 1.50 (1.29, 1.71) 0.0 57 0.99 (0.92, 1.06) 8.9 0.51 (0.30, 0.72)* 
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Obese 31 0.82 (0.73, 0.91) 25.8 5 1.11 (0.79, 1.44) 0.0 26 0.76 (0.68, 0.84) 30.8 0.35 (0.10, 0.59) 
NZDep20185 
          
Low 1-3 122 1.24 (1.17, 1.30) 4.1 26 1.60 (1.48, 1.72) 0.0 96 1.14 (1.07, 1.20) 5.2 0.46 (0.33, 0.59)* 
Moderate 4-7 137 1.30 (1.23, 1.37) 3.6 37 1.63 (1.50, 1.77) 0.0 100 1.17 (1.12, 1.24) 5.0 0.46 (0.21, 0.60)* 
High 8-10 64 1.22 (1.09, 1.35) 7.8 21 1.57 (1.29, 1.84) 0.0 43 1.05 (0.94, 1.16) 11.6 0.52 (0.34, 0.80)* 
Abbreviations: g/kg/day, grams of protein per kilogram of body weight per day; n=sample number; EAR, Estimated Average Requirement; CI, 95% confidence 
interval; % < EAR, percentage below the estimated average requirement; NZEO, New Zealand European/Other; NZDep2018, New Zealand Deprivation Index 
2018; BMI, Body Mass Index. 
*Indicates statistical significance between males and females. 
1 Inadequate intake defined by the number of participants with intakes <0.76 g/kg/day in male adolescents. 
2 Inadequate intakes defined by the number of participants with intakes <0.62 g/kg/day in female adolescents. 
3 No males in this category were aged 18 years in this sample. 
4 BMI z-scores were defined using the World Health Organisation classification; Underweight: z-score <-2; Healthy: z-score ≥-2 & ≤1; Overweight: z-score >1 & 
≤2); Obese: z-score >2. 
5 Defined by the New Zealand Deprivation Index 2018, in which 1 indicates the least deprived areas and 10 the most deprived areas. 
6 Confidence intervals were unable to be calculated, interpret result with caution.
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5.4 Prevalence of inadequacy 
 
Only one participant’s usual mean protein intake was classified as inadequate, when determined 
by an absolute amount (i.e. grams per day), which equated to an inadequacy prevalence of 0.4% 
among females and 0.0% among males. However, when body weight was accounted for (i.e., 
inadequacy determined by intakes expressed in g/kg) (Table 5.3), the prevalence was notably 
higher among all participants (4.6%). Moreover, inadequate intakes were again only apparent in 
female participants. The highest rates of inadequacy were observed in females classified as 
overweight and obese (8.9% and 30.8%, respectively). Also, those of Māori ethnicity had higher 
rates of inadequacy compared to Asian and NZEO individuals (15.8%, 11.1% and 3.8%, 
respectively). Inadequacy rates among females residing in highly deprived areas were higher 
than of those living in moderate and low deprivation areas (11.6% vs 5.0% and 5.2%, 
respectively). 
 
5.5 Percentage contribution of protein to total energy intake 
 
Table 5.4 shows the average percentage contribution of protein to total energy. Adolescents 
consumed on average 16.4% TE from protein, ranging from 6.9% to 25.8%. Protein contribution 
to the male diet was significantly 3.3% higher compared with females (18.6% vs 15.4%). This 
difference between the sexes was apparent across all demographic variables. The mean protein 
intake for all adolescent population groups were above the AMDR range, although all sat close 
to the lower boundary (15% TE). No trends were identified within demographic variables. The 
majority of participants (62.6%) had protein intakes within the AMDR (15-25% TE) (Figure 
5.3), although most intakes were towards the lower end of this recommendation. Females 
appeared to have disproportionately lower intakes compared to the male population, with nearly 
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half of the female population with intakes below the AMDR (47.7%), while only 13.7% of the 
male population had intakes below the AMDR. Only of 1.0% of males had intakes above the 





Table 5.4. Percentage of energy derived from protein, analysed by sex1 






 n Mean % TE (95% CI) n Mean % TE (95% CI) n Mean % TE (95% CI) 
Participant 
characteristics 
      
All participants 345 16.4 (16.0, 16.7) 102 18.6 (18.1, 19.2) 243 15.4 (15.1, 15.7)* 
Age (years)       
15-16 202 16.4 (15.9, 16.8) 68 18.4 (17.7, 19.2) 134 15.3 (14.9, 15.8)* 
17-18 143 16.3 (15.8, 16.8)2 34 19.1 (18.1, 20.0) 109 15.5 (15.0, 16.0)* 
Ethnicity       
NZEO 245 16.0 (15.7, 16.4) 57 18.1 (17.2, 18.9) 188 15.4 (15.0, 15.8)* 
Māori 45 15.9 (14.8, 17.0) 7 20.1 (18.4, 21.7) 38 15.2 (14.1, 16.3)* 
Pacific 9 16.2 (14.5, 17.8) 3 16.6 (6.7, 24.5) 6 16.1 (15.0, 17.1) 
Asian 38 18.7 (17.7, 19.7) 29 19.5 (18.5, 20.5) 9 16.0 (15.0, 16.9)* 
BMI, (z-score)3       
Underweight 1 13.25 1 13.25 0 - 
Healthy 214 16.2 (15.8, 16.6) 57 18.5 (17.7, 19.3) 157 15.4 (15.0, 15.8)* 
Overweight 82 16.5 (15.8, 17.3) 25 18.9 (17.5, 20.2) 57 15.5 (14.7, 16.3)* 
Obese 31 15.5 (14.5, 16.5) 5 16.8 (15.6, 18.0) 26 15.2 (14.0, 16.5)* 
NZDep20184       
Low 1-3 128 16.1 (15.6, 16.6) 31 18.2 (17.2, 19.2) 97 15.4 (14.9, 15.9)* 
Moderate 4-7 141 16.3 (15.8, 16.8) 41 18.6 (17.6, 19.6) 100 15.4 (14.9, 15.9)* 
High 8-10 69 16.7 (15.8, 17.5) 24 19.1 (17.7, 20.5) 45 15.3 (14.4, 16.3)* 
Abbreviations: n=sample number; CI, 95% confidence interval; NZEO, New Zealand European/Other; NZDep2018, New Zealand Deprivation Index 2018; BMI, 
Body Mass Index. 
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1Percent of energy from protein was calculated using the protein conversion factor of 16.7kJ/g divided by the total energy intake of each participant. 
2 No males in this category were aged 18 years in this sample. 
3 BMI z-scores were defined using the World Health Organisation classification; Underweight: z-score <-2; Healthy: z-score ≥-2 & ≤1; Overweight: z-score >1 & 
≤2); Obese: z-score >2. 
4 Defined by the New Zealand Deprivation Index 2018, in which 1 indicates the least deprived areas and 10 the most deprived areas. 
5 Confidence intervals were unable to be calculated, interpret result with caution. 











Figure 5.3. Percentage of participants below, within and above the Acceptable Macronutrient 





5.6 Top food contributors of protein 
 
5.6.1 Top 10 food sources of protein 
The top 10 food sources of protein in the adolescents’ diet are displayed in Table 5.5. Combined, 
these food groups constitute 68% of total mean dietary protein intake in the adolescent 
population. Among males, it was noted there was greater contribution toward protein intakes 
from flesh food groups (poultry, beef and veal, pork, sausages and processed meats) in addition 
to grains and pasta and milk compared with females. Poultry was the main source of protein, 
55	 
contributing 12.8% (95% CI: 11.0, 14.5) total protein to the total adolescent diet. Poultry was 
also the top protein source in all males (16.4%) and females (11.2%). Poultry and milk sources 
contributed significantly 5.1% and 3.1%, respectively, more protein among males while 
vegetables contributed 2.3% more protein among females. 
 
 
Table 5.5. Top ten sources of protein in the adolescent diet, analysed by sex contribution 






% (95% CI) 
 
Males (n=102) 












12.8 (11.0, 14.5) 
 
16.4 (12.5, 20.2) 
 
11.3 (9.4, 13.1) 
 





10.0 (8.7, 11.2) 
 
11.3 (8.7, 13.9) 
 
9.4 (8.0, 10.8) 
 
1.9 (-1.0, 4.8) 
Bread1 9.4 (8.6, 10.2) 8.2 (6.5, 9.9) 9.9 (8.9, 10.9) -1.7 (-3.6, 0.2) 
Bread based 
dishes 
8.0 (6.4, 9.7) 7.4 (4.5, 10.3) 8.3 (6.4, 10.3) -1.0 (-4.4, 2.5) 
Milk 6.1 (5.3, 7.0) 8.3 (6.8, 9.9) 5.2 (4.2, 6.2) 3.1 (1.3, 4.9)* 
Beef and 
veal 
5.1 (4.0, 6.3) 5.6 (3.3, 7.8) 5.0 (3.6, 6.3) 0.6 (-2.0, 3.2) 
Vegetables 5.1 (4.2, 5.9) 3.4 (1.9, 5.0) 5.7 (4.7, 6.7) -2.3 (-4.1, -0.4)* 
Cheese 4.5 (3.7, 5.3) 3.5 (2.3, 4.7) 5.0 (3.9, 6.0) -1.4 (-3.0, 0.1) 





3.3 (2.5, 4.2) 
 
4.1 (2.5, 5.8) 
 
3.0 (2.0, 4.0) 
 
1.1 (-0.8, 3.0) 
Abbreviations: CI, confidence interval, n=sample number. 
*Indicates a statistically significant difference between male and females. 
1Includes rolls and specialty breads 
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5.6.2 Supplement use 
Supplementary protein e.g. protein powders, were consumed by 20% (n=27/135) of male 
participants. A substantially lower proportion of females reported consumption of protein 
supplements (3.8%; n=10/263). Table 5.6 shows the frequency of consumption of protein 
powders. Adolescents who reported consuming protein powders, predominantly did so daily, or 
more than once per week. Quantities of irregularly used supplements are unavailable and it is 
unclear whether irregular and infrequent supplemental intakes of protein are reflected in the 






Table 5.6. Frequency of protein powder consumption. 
 Males (n=27) Females (n=10) 







More than once a week 11 (40.7) 2 (20) 
Once per week 2 (7.4) 1 (10) 
Monthly 1 (3.7) 1 (10) 
Regularly but for a limited time 4 (14.8) 2 (20) 
Not very often 1 (3.7) 1 (10) 
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6. Discussion and Conclusion 
The present study examined protein intakes and adequacy among 345 NZ adolescents. The main 
findings indicate: 1) males consume significantly more protein than their female counterparts; 2) 
females have higher rates of inadequacy compared to males when protein is expressed in g/kg/d 
(6.3% vs 0%), as well as higher proportions of intakes below the AMDR (47.7% vs 13.7%); and 
3) major food sources of protein are predominantly from those of animal origin, with little 
difference noted between sexes. The small sample, particularly within specific demographic 
groups such as Pacific and those aged 18 years, mean caution should be exercised when 
interpreting the findings. 
 
6.1 Mean protein intake among adolescents 
 
As expected, adolescent males consumed higher amounts of protein relative to their female 
counterparts (110 g/day and 1.63 g/kg vs 74 g/day and 1.14 g/kg). This finding is congruent with 
energy intakes, of which were 23% higher among males. Females require less protein than 
males, but the lower protein intakes among females could in part be attributed to their well- 
documented likelihood to underreport compared with males (42–44); meaning typically reported 
intakes can be lower than true intakes. Protein intakes align closely to those from the last 
assessment of NZ adolescents in the 08/09 ANS (108 g/day and 69g/day for males and females, 
respectively) (18), and to those previously reported among Australian adolescents (104 g/day 
and 76 g/day for males and females, respectively) (21). Intakes among males were higher 
compared with global literature by ~20-30 g/day (17,19,20,55,58), while female intakes aligned 
closely to most reported intakes in Western countries (19,29,56,58). 
When body weight was accounted for (g/kg), higher protein intakes (51% greater) were observed 
in those categorised as healthy, compared to obese among all both sexes. This finding supports 
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the idea that protein plays an important role in weight management, likely due to its satiating 
effects (84,85). However, a strong association between a higher BMI and underreporting of 
energy and protein has been identified from previous literature (41,86). Caution should, 
therefore, be exercised when interpreting these findings. 
The contribution of protein to total energy for all adolescents was 16.4%. Despite most 
subgroup mean intakes meeting the AMDR, all sat near the lower end (15% TE) with 0.3% of 
participants exceeding the upper limit (25% TE). Average intake among males in the present 
study were consistently ~3% TE higher than females. The percentage contribution observed in 
the present study is similar to the 08/09 ANS (16.9% and 15.2% among males and females, 
respectively) (18), and with those reported in other Western countries (22,25,27,54,55), whose 
intakes range from 13.9- 17.4% among males and 13.3-17.1% among females. Of concern, 
nearly half of females (47.7%) and 13.7% of males had intakes below the AMDR. In NZ, the 
minimum boundary of 15% was set above the physiological protein requirement (10% TE) to 
ensure the EAR of micronutrients obtained through protein foods can be achieved, while 
minimising the risk of chronic disease (45). Therefore, protein consumption below the AMDR 
may result in poorer health outcomes compared to those with consumption within the 15-25%TE 
range. 
Healthy eating habits are laid down during the critical time period that is adolescence (2,4) 
and the AMDR provides a useful insight of how protein foods may be used as a vehicle to 
enhance overall health as protein in not consumed in isolation, rather in combination with other 
nutritive components (i.e. vitamins and minerals). In turn, consumption of protein at the higher 
end of the AMDR may optimise health in adolescents (87) as higher protein diets have been 
recognised for their role in optimising bone health in adolescents (15,37–39) and improving 
blood profile and chronic disease risk among children and adults (88–90). However, these 
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findings are not always consistent as a systematic review conducted in a Nordic setting found 
limited evidence to suggest a positive correlation between protein intake and bone health in 
adolescence, and that excessive protein intake during childhood may increase obesity risk later in 
life (91). Given reported intakes within the AMDR have the potential to vary substantially, and 
do not account for individual variation in requirements, consideration of both the AMDR and the 
prevalence of inadequacy using the EAR remain valuable for our interpretations of protein 
intakes.  
 
6.2 Prevalence of inadequacy 
 
The overall estimated prevalence of inadequacy in the adolescent population was low (4.6%). 
When assessed in absolute terms (g/day), the prevalence was 0% among males and (0.4%), 
among females. These findings align with previous reports in NZ (0.0% and 0.7%, respectively) 
(18) and Australia (21). When body weight was accounted for (g/kg), the prevalence remained 
0% among males but increased to 6.3% among females. These findings are substantially lower 
than recent reports among US adolescents which reported 7% and 20% of males and females 
had inadequate intakes (n=801; 14-18 years), observed between 2013-16 (29). Furthermore, 
inadequacy increased from 8% to 14% and <3% to 5% among males and females, respectively 
between 2001 to 2014 (26–28). This trend is not directly comparable to the present intakes, due 
to their methods of assessment where protein intakes were expressed as g/kg IBW among 
participants and may explain their higher reported prevalence. Nevertheless, this trend supports 
consistently higher inadequacy prevalence among females than males. One explanation for the 
clear discrepancy between sexes could be a greater prevalence of dieting among females, and 
again, the increased likelihood of underreporting in females compared to males (43). For 
instance, a 10-year longitudinal study conducted in the US (mean age ~16 years; n=2287) found 
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dieting was more common among females compared to males (~50% vs ~25%) and the risk of 
such behaviours consistently tracked into adulthood (92). Furthermore, 57% and 12% of 
adolescent females were practicing unhealthy and extreme weight control behaviours, 
respectively, compared with 33% and 5% of males (n=4746; mean age 14.9 years) (93). Within a 
NZ cohort (n=2503; 10-24 years), 40.1% of females stated they were trying to lose weight 
compared to 27.5% of males (94). 
When protein intakes were expressed in g/kg, the prevalence of inadequacy was higher 
among Māori (15.8%), those residing in highly deprived areas (11.6%), and those who were 
obese (30.8%). A point worth revisiting is that underreporting is common in those with a higher 
BMI (41,86). Consequentially, inadequacy may be overestimated in the obese group. When 
absolute amounts (g/day) of protein were used to assess inadequacy, 0% of Māori were classified 
as having inadequate intakes. This is similar to the 08/09 ANS where inadequacy among Māori 
was 1.5%, and similar to NZEO (0.5%) (18). However, when accounting for body weight this 
increased to 15.8%. This increase may be due to the individual variation in body mass that can 
be accounted for when considering protein in terms of grams per kilogram of body weight (52), 
although, it does not account for differences in lean mass from fat mass (52).  
In contrast, there were no ethnic disparities noted among a nationally representative sample 
of US adolescents (n=7094; 14-18 years) across a 13-year period, using the same method to 
determine inadequacy (27). Higher prevalence of inadequacy among females residing in highly 
deprived areas are in agreement with reports of Canadian and Mexican adolescents (72,73), and 
with the finding that more NZ females (8.8% vs 5.6% males) identified as being food insecure in 
08/09 (18). These findings are suggestive of SES, and possibly ethnic disparities in protein 
intake. 
 
6.3 Main dietary sources of protein 
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Poultry was the main source of protein for adolescents (12.8%). The contribution of this food 
group was 38% greater among males than females. In comparison to the ANS, the top sources of 
protein have remained relatively similar, although, the contribution of bread-based dishes seems 
to have decreased sizably (14.1% to 7.4% and 12.6% to 8.3% for males and females). The 
majority of protein sources are from animal origin, with the exception of bread, grains and pasta, 
and vegetables. This finding is similar to other global literature, which indicate animal sources, 
particularly flesh sources of protein constitute the majority of dietary protein (19,54,57,59). 
Contribution of the vegetable food group to protein intakes were 3.4% and 5.7% among males 
and females. This food group contains plant-based proteins including soy products, legumes and 
pulses (66). In the ANS, vegetables contributed a similar amount to the male diet compared with 
the present study (2.4%) and a slightly lower amount in females (2.8%) (18). Trends among NZ 
adolescents align closely with trends observed by Kim et al. from 1999-2000 to 2009-10 in a 
nationally representative sample form the US (12-19 years, n=11213) (64). Among males and 
females, poultry increased 30% and 9.9%, respectively, while legume intakes remained stable 
and increased 28.6% in females (64). Concurrently, beef intakes decreased; a similar finding 
between the present study and the ANS (18,64). Despite the recent increase of commercially 
produced plant-based proteins (70,71) and recent spotlight on plant-based diets in the lay media, 
only slight increases in such protein foods have been observed. However, these findings show a 
potential shift towards what are considered to be more sustainable diets (95,96). Bearing in mind 
the heterogeneity of the studies discussed, and small sample size of the present study, these 
trends should be interpreted with caution. 
 
6.4 Study limitations and strengths 
 
There are several limitations that should be considered when interpreting the results. Firstly, the 
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onset of COVID-19 in 2020 limited the number of males who were able to be recruited (n=102 
males vs n=266 females) and prevented the completion of face-to-face diet recalls in a subgroup 
of male participants. Household measures were unable to be utilised through the completion of 
these recalls (~40% of recalls). Researchers addressed this by relying solely on estimations of 
brands and amounts, with the help of visual aids. This may have led to incorrect estimation of 
portion sizes and brands of food, as well as introduced greater respondent and interviewer bias, 
potentially resulting in both under- and over-reporting of intakes. The eating habits may have 
also changed among adolescents during the nationwide lockdown period. The lockdown 
introduced inconsistency in the methods of obtaining dietary data from males and females. 
Other key differences during the recruitment of adolescents include the year of data collection, 
locations, and method of school recruitment. Such discrepancies make valid comparisons 
between groups somewhat limited, and these should; therefore, be interpreted with caution. 
Additional sampling bias may have been introduced due the study utilising a convenience sample 
of adolescents. While data were obtained from locations around NZ, some demographic specific 
groups e.g., Pacific ethnicity were underrepresented compared to the wider NZ population (2.3% 
vs 8.1%, respectively), (83) as were Māori and Asian groups to a lesser extent (13.7% vs 16.5% 
and 12.7% vs 15.1%) (83). Furthermore, no males aged 18 years were included in the analysis. 
The small samples mean the estimates are less precise with wider confidence intervals (CI) 
around mean protein intakes, or in some cases the CI was unable to be calculated. Altogether, 
these limitations reduce the generalisation of the study results to the wider NZ adolescent 
population. That said, the present study provides a comprehensive assessment of protein intakes 
in the adolescent population, by multiple demographic variables. Another main strength of the 
present study is the utilisation of repeat 24-hour diet recalls, and the high proportion of 
participants that completed a second recall (81.7%). Repetition of dietary recalls increases the 
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accuracy of usual intake, by reducing intra-individual variation in dietary intakes (97). 
Collection of dietary data on non-consecutive days also allowed for day-day variations in the 




Collectively, the present findings suggest the protein intakes of this adolescent sample are 
generally adequate, with a low prevalence of inadequacy. These findings are in agreement with 
the majority of assessments in developed countries. Future analyses among a more nationally 
representative sample of NZ adolescents should confirm the findings of this study. To the best 
of my knowledge, it is the most recent assessment in this population and was able to identify 
potential at risk demographic groups. The prevalence of inadequacy was higher among 
females; indicating they may be more vulnerable population in terms of inadequate protein 
intake, particularly those in highly deprived areas or of Māori ethnicity. One interesting 
observation was the higher prevalence of inadequate intakes among females when intakes were 
expressed per kg of body weight compared with absolute amounts. Furthermore, 
interpretations of the present findings and comparisons with international literature are limited 
by the inconsistent methodology employed in other studies, which alternate expressions of 
protein between g/day, g/kg and g/kg IBW. Future analyses could investigate this discrepancy 
and define a uniform standard of calculating inadequacy within adolescent populations 
internationally. Other investigations could be undertaken with respect to the quality of protein 
sources in the adolescent diet, including the protein density and amino acid profile. 
Doing so in light of the AMDR, which also considers the physiological requirements of 
adolescents, may provide insight into the overall distribution of macro- and micronutrients to 
ensure all nutritive components are consumed in sufficient quantities. 
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7. Application of Research to Dietetic Practice 
 
Part A: Applicability and relevance to Dietetic Practice 
 
As expected, intakes reported in the present study are similar to those in other Western countries 
and the prevalence of inadequacy seems to be low; both males and females seem to achieve 
adequate intake. Males consume more protein than females, in part due to their increased energy 
requirements but also when expressed as a percentage of total energy. Weight loss attempts and 
dieting have been discussed as reasons in which adolescents, particularly female adolescents, 
may not attain adequate protein. Having an awareness of current dietary trends and fad diets will 
be of benefit to practicing dietitians to determine whether such diets are conducive to sufficient 
protein intake to tailor dietary interventions. Given intakes appear to be adequate for most 
adolescents, it may be tempting for health professionals to dismiss dietary protein as a low-risk 
nutrient; however, there are always exceptions, particularly where adolescent females are 
concerned. Higher rates of inadequacy were noted among females, particularly those who were 
of Māori ethnicity, as well as those residing in areas of high deprivation. Dietitians should be 
mindful when working with adolescents within these demographic minorities, to ensure all 
adolescents consume adequate protein intakes. This could also be applied to public health 
interventions that target adolescents within these demographic groups. That being said, the 
present study acknowledges differences in how nutrient reference values are used in defining 
protein adequacy. For instance, 0.4% of females had inadequate intakes when assessed in g/day 
terms, while this increased to 6.3% after accounting for body weight. Translations of protein 
intakes by dietitians should consider the appropriate use of the EAR, RDI, AMDR and the 
determination of inadequacy prevalence. The ‘one-size fits all’ approach should not be employed 
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in adolescent populations, or to individuals throughout the lifecycle. As total energy intake can 
directly influence protein requirements, dietitians should consider the overall energy intake of 
each individual as well as their intake of other nutritive components in the context of the AMDR 
and the absolute terms of protein, to ensure a balanced diet that is sufficient in protein can be 
achieved. As there remains no consensus as to which unit of protein is most appropriately used, 
on an individual basis, dietitians should remain up to date with current research while exercising 
clinical reasoning with each individual they see. Again, consideration of all nutritive 
components will be key to optimising nutrition and growth.  
Furthermore, suggested shifts towards more sustainable diets, of which incorporate more 
plant-based proteins need to be understood by health professionals in order to tailor protein 
recommendations appropriately. Plant-based foods may not provide all essential amino acids 
therefore, an awareness of a variety of high-protein plant-based foods should be considered by 
health professionals. As dietitians, we work with food. Therefore, protein should be considered 
in the context of whole foods rather than in isolation. In the present study these were found to be 
from a variety of animal and plant- based sources indicating no one source is preferential over 
another. Food sources of protein can be an important vehicle for other nutrients, such as iron, 
calcium or fibre. The relatively low prevalence of supplemental protein consumption and 
generally adequate intakes reiterates that protein supplements are unnecessary within this 
population. Dietitians should be mindful when working with individuals who choose to take 
supplements, as they may be costly in terms of displacing foods and conceivably key nutrients 
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As a result of that consideration, the current status of your proposal is:- Approved 
For your future reference, the Ethics Committee’s reference code for this project is:- H19/004. 
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follows:- 




A typing error was noted on the Information Sheet, under the heading “Is there any risk of 
discomfort or harm from participation?”, line 3, “some” should read “someone”. 
 
Consent Form 
Please amend the Consent Form to include an option for participants to indicate whether they 
would prefer for their blood samples to be disposed of using standard methods or with a 
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Manager, Academic Committees, Mr Gary Witte  
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review of ethics approval of the research project, including: serious or unexpected adverse 
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Make no change to the project as approved in its entirety by the Committee, including any 
wording in any document approved as part of the project, without prior written approval of the 
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Locality authorisation: Studies requiring locality authorisation, i.e. permission from the 
organisations at which the study is taking place or from which participants are being accessed, 
must be confirmed before the study commences. 
Approval period: Approval is for up to three years from the date of this letter. If this project 
has not been completed within three years from the date of this letter, re-approval or an 
extension of approval must be requested. If the nature, consent, location, procedures or 




Mr Gary Witte 
Manager, Academic Committees 




c.c. Assoc. Prof. L Houghton Department of Human Nutrition 
 









Monday, 17 December 2018 
 
Dr Meredith Peddie 






Tēnā Koe Dr Meredith Peddie 
 
The SuNDiAL Project 2019: Survey of Nutrition, Dietary Assessment and Lifestyle. 
 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 11 
December 2018 to discuss your research proposition. 
 
By way of introduction, this response from The Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the 
statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 
consultation process outline in this policy provides no power of veto by Ngāi Tahu to research 
undertaken at the University of Otago″. As such, this response is not ″approval″ or ″mandate″ for 
the research, rather it is a mandated response from a Ngāi Tahu appointed Committee. This 
process is part of a number of requirements for researchers to undertake and does not cover other 
issues relating to ethics, including methodology they are separate requirements with other 
Committees, for example the Human Ethics Committee, etc. 
 
Within the context of the Policy for Research Consultation with Māori, the Committee base 
consultation on that defined by Justice McGechan: 
 
″Consultation does not mean negotiation or agreement. It means: setting out a proposal not fully 
decided upon; adequately informing a party about relevant information upon which the proposal 
is based; listening to what the others have to say with an open mind (in that there is room to be 
persuaded against the proposal); undertaking that task in a genuine and not cosmetic manner. 
Reaching a decision that may or may not alter the original proposal.″ 
 
 
The Committee considers the research to be of importance to Māori health. 
 
As this study involves human participants, the Committee strongly encourages that ethnicity data 








The Committee suggests researchers consider the Southern District Health Board's Tikaka Best 
Practice document, in particular patient engagement. The document also covers the collection, 
storage and disposal of blood and tissue samples. This document is available on the Southern 
District Health Board website. The Committee also refers researchers to Te Mana Raraunga 










We wish you every success in your research and the Committee also requests a copy of the 
research findings. 
 
This letter of suggestion, recommendation and advice is current for an 18-month period from 
Tuesday, 11 December 2018 to 3 June 2020. 
 
 
The recommendations and suggestions above are provided on your proposal submitted through 
the consultation website process. These recommendations and suggestions do not necessarily 
relate to ethical issues with the research, including methodology. Other Committees may also 
provide feedback in these areas. 
 




Claire Porima Kaiwhakahaere Pūtere 
Senior Project Manager Office of 
Māori Development 
Te Whare Wānanga o Otāgo Ph: +64 3 
479 7461 
Email: claire.porima@otago.ac.nz Web: 
www.otago.ac.nz 
 






Wednesday, 12 February 2020 
 
Dr Meredith Peddie 





Tēnā Koe Dr Meredith Peddie, 
 
SuNDiAL Project: Survey of Nutrition Dietary Assessment and Lifestyle 2020: Adolescent 
males 
 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 11 February 
2020 to discuss your research proposition. 
 
By way of introduction, this response from the Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the 
statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 
consultation process outline in this policy provides no power of veto by Ngāi Tahu to research 
undertaken at the University of Otago″. As such, this response is not ″approval″ or ″mandate″ for 
the research, rather it is a mandated response from a Ngāi Tahu appointed committee. This 
process is part of a number of requirements for researchers to undertake and does not cover other 
issues relating to ethics, including methodology they are separate requirements with other 
committees, for example the Human Ethics Committee, etc. 
 
Within the context of the Policy for Research Consultation with Māori, the Committee base 
consultation on that defined by Justice McGechan: 
 
″Consultation does not mean negotiation or agreement. It means: setting out a proposal 
not fully decided upon; adequately informing a party about relevant information upon 
which the proposal is based; listening to what the others have to say with an open mind 
(in that there is room to be persuaded against the proposal); undertaking that task in a 
genuine and not cosmetic manner. Reaching a decision that may or may not alter the 
original proposal.″ 
 
The Committee is aware of the researcher's experience in similar studies that have been referred 
to this Committee. As in the past, the Committee encourages the collection of ethnicity data as 
part of the research project as a right of participants to express self-identity. The Committee also 
supports the analysis of cultural perspectives on diet, nutrition and social activities such as screen 
time which may have an impact on the research findings. 
 
The Committee acknowledges the aims and outcomes of this research project, and wishes to 





This letter of suggestion, recommendation and advice is current for an 18-month period from 
Tuesday, 11 February 2020 to 11 August 2021. The Committee would appreciate receiving a 
copy of the research findings. 
 
 
The recommendations and suggestions above are provided on your proposal submitted through 
the consultation website process. These recommendations and suggestions do not necessarily 
relate to ethical issues with the research, including methodology. Other committees may also 




Manager, Māori Research Consultation; Senior Project Manager 
Office of Māori Development Te Whare 
Wānanga o Otākou 








Participant Information Sheet 
 
Study title: The SuNDiAL Project 2019: A survey of nutrition, 
dietary assessment and lifestyle 
Principal 
investigators: 
Names Dr Jill Haszard & Dr Meredith Peddie 
Department: Human Nutrition 
Position: Research Fellows 
Contact phone number: 
03 479 5683 
03 479 8157 
 
Introduction 
Thank you for showing an interest in this project. Please read this information sheet carefully. 
Take time to think about it and talk with family or friends before you decide whether to take part 
or not. 
If you decide to take part we thank you. If you decide not to take part that won’t disadvantage 
you and we thank you for considering our request. 
What is the aim of this research project? 
We don’t know much about teenage women’s food intakes and lifestyles in New Zealand. We 
suspect that they don’t get enough of some nutrients like iron sometimes, and that this can make 
them feel tired and affect their health. Teenagers often make their own decisions about what foods 
to eat, but we don’t know very much about why they choose the foods they eat. Therefore in 2019 
the SuNDiAL project is going to investigate food intakes, nutrition, health, and why female high 
school students (aged 15-18 years) choose to eat the way they do. 
Who is funding this project? 
This project is funded by the Department of Human Nutrition, University of Otago, and a Lottery 
Health Research Grant. 
 
 
Who are we seeking to participate in the project? 
We are looking for at least 300 female high school students who are between 15 and 18 years 
old. To be eligible to take part, your high school must have agreed to take part in the study, you 
must speak and understand English, and be able to complete the questionnaires. 
If you participate, what will you be asked to do? 
 
If you agree to take part in this study you will be asked to do three things: 
1. Complete an online questionnaire 
After you have completed the consent process you will be asked to complete a questionnaire 
that asks questions about your health and some general questions such as what ethnicity you 
identify with this questionnaire also asks you about your overall eating habits, and why you 
choose to eat the foods that you do. This questionnaire will take about 30 min to complete. 
2. Attend a session at your school with our research team 
This visit will take about 60 minutes and you will be asked to: 
• Complete a face to face interview with one of our research team during which you will 
be asked to recall everything you ate and drank the day before. 
• At this session one of our research team will also measure your height, your weight, and 
the length of your lower arm – these measurements will be done twice to make sure they 
are as accurate as possible. This will be done in a private space and you won’t be told 
these measurements unless you ask for them. 
 
3. Complete a second interview about the food you have eaten on another day		
Sometime in the 2 weeks after you have finished the session at school you will be contacted 
by the research team and asked to complete a second interview in which you will be asked to 
recall everything you ate and drank on a different day of the week than the first interview . 
This is important because sometimes you can eat quite differently from one day to the next. 
This interview will be performed over facetime or zoom, at a time that is convenient for 
you.	
There are three other parts to the SuNDiAL project that are entirely optional. 
Please read the following information carefully before you decide whether to take part in these 
optional bits of the study. If you agree to do these, but change your mind later, that’s OK - there 
is no disadvantage to not you if you decide not to do these. You will be asked again on the day if 
you still want to do them. 
1. Provide a blood sample 
We would like you to provide a blood sample (which would be collected by someone with 
extensive training in how to collect blood during the session at school), but we understand 
that not everyone feels comfortable about this so it is entirely up to you if you do this. 
However, if you do provide a blood sample, we can tell you whether you’re iron deficient or 
not. You can still take part in the rest of the study even if you don’t do this bit. 
 
 
2. Provide a urine sample 
We would also like you to give a urine (“pee”) sample (which is easy for you collect yourself 
in the bathroom with the equipment we give you, during the session at school). You can still 
take part in the rest of the study even if you don’t do this bit. 
 
3. Wear an accelerometer for a week 
We would also like you to wear a small red box called an accelerometer on an elastic belt 24 
hours a day for the seven days following the session at your school. This will tell us how 
much time you spend sitting down, moving around, and sleeping. If you choose to wear the 
accelerometer you will be asked to complete a little diary about the times your took the device 
off, and what time you went to bed each night on the days that you wear it. One of our 
 
research team will return to your school the week after this visit to collect the accelerometer. 
You can still take part in the rest of the study even if you don’t do this bit. 
After the completion of the study you will receive a $5 voucher for each component of the study 
that you complete . That is $5 for completing the online questionnaire, $5 for completing the 
face to face interview about what you ate in the last 24 hours, $5 got completing the second 
interview about what you ate; $5 for providing a blood sample; $5 for providing a urine sample 
or $5 for wearing the accelerometer for a week. Adding to a possible total of $30 in vouchers. 
 
Is there any risk of discomfort or harm from participation? 
If you choose to provide a blood sample, you should know that there is a risk of a little pain or 
discomfort, and possibly a small bruise from the blood test. Any bruising should only last a few 
days and an experienced nurse or phlebotomist (someone with training to take blood samples) 
will collect the blood to minimize any discomfort to you. 
 
What specimens, data or information will be collected, and how will they be 
used? 
The answers you provide to the questionnaires and the food questionnaire will be entered into a 
database with every other participants’ answers. All your answers will be kept confidential and 
stored using an id number, not your name. This information will provide valuable and unique 
information about the nutrition status of female high school students in New Zealand. 
Information about why people eat the way they do will also be very helpful if some eating 
patterns provide health benefits. Ultimately, the results of this study will support the 
development of up-to-date government and health agency guidelines for young women in New 
Zealand. 
If you provide a blood sample it will be divided into 3 separate parts. One part will be taken to a 
local laboratory where it will be analysed for Vitamin B12 concentrations and a complete blood 
count. The other two parts of your blood sample will be transported to the Department of Human 
Nutrition at the University of Otago where they will be stored in a freezer until we have finished 
collecting all the blood samples from around the country. When all the blood samples have been 
collected, one part of your blood sample will be sent to Germany where it will be analysed for 
ferritin, soluble transferrin receptor, retinol binding protein, C-reactive protein and alpha- 
glycoprotein. We are sending this sample to Germany because they have a special machine that 
can measure these things on a much smaller amount of blood, at a smaller cost, than we can do in 
New Zealand. The remaining part of your blood sample will remain at the Department of Human 
Nutrition, where it will be analysed for plasma selenium and plasma zinc, thiamin, plasma folate, 
Vitamin B6, Leptin, Interlukin-6 and blood lipids. 
If you provide a urine sample it will also be transported to the Department of Human Nutrition at 
the University of Otago where it will be stored in a freezer until it is analysed for iodine 
concentrations. 
Once all of the analysis on your blood and urine samples has been completed they will be disposed 
of using standard biohazard protocols. On the consent form you can indicate to us if you would 
like your samples disposed of with a Karakia (Māori Prayer). We will only lest your samples for 
the things listed here, and won’t test them for anything else. 
 
What about anonymity and confidentiality? 
Your information will be identified with an ID number only in the database that contains the 
results of the study. This database will be stored on the researchers’ computers which are 
password protected. A backup copy may also be stored on the University’s shared server space, 
but only Jill Haszard and Meredith Peddie will have the password so no one else can access the 
information . 
The information linking you to your ID number will be stored in a separate password protected 
file that only Jill Haszard and Meredith Peddie will have access to. The only reason they would 
access this information once you have completed the study would be if you requested your 
individual results. This file will be destroyed once all participants have been given the 
opportunity to request individual information. The de-identified information collected as part of 
this research will be kept in secure storage for at least 10 years. 
 
If you agree to participate, can you withdraw later? 
You may pull out of the project before the study has been completed (anticipated to be October 
2019) without any disadvantage to yourself of any kind. Once data collection is completed and 
your information is integrated into the study it will no longer be possible to withdraw your 
information from the study. 
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Name: Dr Jill Hazsard 
Position: Senior Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 5683 
Name: Dr Meredith Peddie 
Position: Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 8157 
 
This study has been approved by the University of Otago Human Ethics Committee (Health). If 
you have any concerns about the ethical conduct of the research you may contact the Committee 
through the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and 
you will be informed of the outcome. 
 
Appendix F: Participant Enrolment 2019 
 
Confidential 





Thank you for sho.Ning an interest in this project. Aease read the information about SuNDiAL project carefully. This 
can be found on our website www.otago.ac.nz/sundial. Take time to think about it and talk with family or friends before 
you decide whether to take part or not. If you decide to take part we thank you. If you decide not to take part that won't 




Who are we seeking to take part in the project? 
We are looking for female high school students who are 15 to 18 years old. To be eligible to take part, your high 





If you take part, what will you be asked to do? 




1) Complete an online questionnaire with three parts to it: (i) health & demographics; (ii) why you choose the food 




2) Attend a session at your school with ourresearch team. This visit will take about 60 minutes and you will be asked 
to recall the food and drink you've consumed CNer the last day. You will also have your height, weight . and length of 
your lower arm measured. These measurements will be done twice to make sure they are as accurate as possible. 




















This study has been approved l:J)' the University of Olago Human Ethics Committee (Health). If you have any 
concerns about the ethical conduct of the research you may contact the Committee through the Human Ethics 
Committee Administrator (phone +64 3 479 8256 or email gary.witte@otag o.ac.nz) . Any issues you raise will be 














You have read the information about the study 
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You have had all your questions answered about the study and understand that you can ask for more information at 
any stage 
 
You know that when the project is completed all personal information that could  be linked to you will be removed  from 
the paper records and electronic files for the project, and that these  will be placed in secure storage and kept  for at 
least ten years. 
 
You are a young woman who is 15 to 18 years old and isn't pregnant 
 


















Thank y ou for agr eein g to taki ng par t in t he SuNDi AL project !  If you ar e  fe male. aged 15-18 
year s of age and not pr egnant . pl ease answ er the followin g qu estions: 
Whal age are you as of today? 0 15 
0   16 
0  17 
018 
O None of the ab011e 
 
Whal high school do you attend? 0 Tauraroa Area School 
0 Ml Maunganui College 
0 Spotswood College 
0 SI Catherine's College 
0 Waimea College 
0 Hornby HighSchool 
0 Columba College 
0 Kaikorai Valley College 
0 Wellington Girls College 
0 Queens High School 
0 Ml Aspiring College 
0 Whangarei Girls' High School 
0 Kapili College 
0 Bayfield 1-igh Sch ool 
0 None of the ab011e 
 
 
If none of the ab011e: 
 
Have you joined our study through another means 
(Facebook, newspaper advertising etc)? Rease 
indicate how you found out about the SUNOiAL study. 
0 Facebook 
0 Newspaper Advertising 
0 other 
EDCap• 20 --04--1'020 10 :57 am p roj ecl redcap.org  




Than k you! You ar e eli gib le to t ak e par t in the SuNDi AL pr oject ! 
 
 
Ther e are three other parts to the SuNDiAL project that are optional. Please read the foll owing 
informat ion carefully before you decide  whether  to take  part  in  these optional  bits of  the st 
udy. For each one of these that you do. you will receive a $5 gift voucher from New World or 
PaknSave. 
 
If you agree to do these. but change your mind later. that's OK - there is no disadvantage to 
you if you decide not to do these. 
 
Once all of the analysis has been completed the samples will be disposed of using standard 
biohazard protocols. On the consent form (below) you can tell us if you would like your blood 
sample disposed of with a Karakia (Maori Prayer). 
Bectronic =nsent 
 
Qick on the 'AGREE" button bel<MI if : 
-You have read the information on the website 
-You want to take part in these parts of the study 
 




We would like you to provide a blood sample (which would be collected bY som e one with extensivetrainingin h<MI t o 
collect blood). but we understand that not everyone feels comfortable about this so it is entirely up to you if you do 
this. If you do provide a blood sample, we can tell you whether you're iron deficient or not. You can still take part in 
the rest of the study even if you don't do this bit. 
 
aick ontheagree button bel<MI if: 
You understand the risks of discomfort involved in providing a blood sample 
Q AGREE 
0 DISAGREE 






We would also like you lo give a urine sample ('pee or wee') -which is easv for you collect yourself with the 
equipment wegive you. You can still take part in the rest of the study even if you don't do this bit. 
Qick on the 'AGREE' button bel<MI if: 
Q AGREE 
0 DISAGREE 
EDCap• 20--04-1'020 10 :57 am p rojecl redcap.org  




Cont act Informat ion 
Whal is your first name? 
 
 
Whal is your last name? 
 
 






Phone number (mobile would be best -so we can text 
you reminders) 
 
Whal is your email address? 
 



















Is this your home address? QYes 
Q No 
 
If no,please put your home address: 
 
 




Do you live in a boarding house during school term? 





Rease put the name and/or address of the boarding 
house 
 
(number & street, suburb, city, postcode) 
 
What is the address that you live al during school 
term? 
 
(number & str eet, suburb , city , post code) 
EDCap• 20--04-1'020 10 :57 am p rojecl redcap.org  




Healt h In fo r m at i on 
If you kno.N your height, please write it here: 
 
 
What unit is this measurement in? 0 centimetres 
O metres 
O feet and inches 
 
If you kno.N your weight (in kg) please write it here: 
 
EDCap• 20--04-1'020 10 :57 am p rojecl redcap.org  
□Nuts 





Have you been diagnosed with diabetes? QYes 
QNo 
 
If so,which type? 0  Type 1 diabetes 
0   Type 2 diabetes 
0 Don't knON 
 




Have you been diagnosed with either coeliac disease 
or gluten intolerance? 
0 Yes -coeliac disease 
0 Yes -gluten intolerant 




Have you been diagnosed with a food allergy or 





Which foodsare you allergic or intolerant to? 







other: please specify 
 
 
Are you vegetarian or vegan? 0Yes 
QNo 
 
Which foods do you eat? (Select as many as apply) □Egg 
Milk (not plant milk like soymilk) 
D Flsh or seafood 
D Oiicken or poultry 
D Meat/red meat occasionally 
D None of the ab011e 
 
 
Are you  vegan? O Yes 
Q No 
 
HON long have you been follONing this wayof eating? 0 Less than a month 
0 Between 1 and 6 months 
0 Between 6 months and 1 year 
0 Between 1 and 2 years 
0 More than 2 years 
0 My whole life 
□ 
□ 





The follo.Ning questions are a bit sensitive, but it is necessary for us to ask them because they can help us 
understand what nutrients are important for the health of young women your age 
 
Ho.N old were you when you had your first period? 0 11 years or younger 
0 12-14 years 
O 15 years or older 
0 I haven't had a period yet 
 
 
Ho.N long do you usually have from the start of one 
period to the start of the next? 
0 Less than a week 
0   1--2 weeks 
0 3-4weeks 
O4-Sweeks 
0 More than 5 weeks 
O I haven't had a period for 3 months 
O The timing of my periods is not regular 
 
 
Ho.N many days does your period usually last? (munt 
your light days as well as your heavy ones) 
0 Less than 4 days 
0    4-6 days 
0    7-9 days 
0 10 days or more 
 
 
Are your periods so heavy that they make it hard for 
you to go to school? 
0 Yes-often 




Have you donated blood? Q Yes 
O No 
 
When did you last donate blood? 0 In the last 4 months 
O Between 4 and 12 months ago 
0 More than a year ago 
 
Have you had a nosebleed in the last year? QYes 
O No 
 




Over the last year, on average ho.N often did you get 
nose bleeds? 
0 More than once a week 
0 Once a week 
0 Every couple of weeks 
0 Once a month 
0 Every few months 
0 Every 6 months 
0 Once a year 
O Less than once a year 
 
 
Do you use any of the following contraceptives: 
 
- Oral contraceplive (eg 'the pill' or 'the 
mini-pill') 
-Depo A-overa injection 
-Implant {eg..IJ.delle) 
-Hormonal IUD(eg Mirena) 
0   No -I  don't use those contraceptives 
O Yes -I use one of those contraceptives 
 
 
Ho.N many times per week do you usually have a bo.Nel 
movement (poo)? 







Rease look at the picture below and select the 
number that corresponds to your usual and most 
common stool type: 










Bristol Stool Chart 
 
Type I e e e• 
• • 
 
Separate hard lumps, like nuts 




Sausage-shaped but lumpy 




Like a sausage or snake, smooth 
and soft 
 
_.,.• Soft blobs with clear-cut edges 
Type 5   ..,..-,. ........ (passed easily) 
Ti e 6 
 
Fluffy pieces with ragged edges , a 




Watery, no solid pieces. 
Entirely Liquid 






Ot her in for m at ion 
Which ethnic group do you belong to? (Mark those that 
apply) 
 
D New Zealand European 
Maori 
D Samoan 



















Thank you for enrolling in the SuNDiAL project! 
What happens next? 
We are now going to ask you to complete a questionnaire about why you eat the food you do. If you want to 
complete it at a later time, please dick the Save and Return button at the bottom of this page (don't forget to make a 
note of your code so that you canreturn to this survey). Q-, dick the 'Submit' button to continue. 
 
You will also get an email and/or text to tell you when you can visit the SuNDiAL dinic at your school or the 
Department of Human Nutrition lo complete the other measurements. 
 













Thank you for showing an interest in this project. Please read the information about the 
SuNDiAL project carefully. This can be found on our website www.otago.ac.nz/sundial. 
Take time to think about it and talk with family or friends before you decide whether to 
take part or not. If you decide to take part we thank you. If you decide not to take part that 
won’t disadvantage you and we thank you for considering our request. 
 
 
What is the aim of this research project? 
 
 
The food and activity patterns of teenage boys probably influence their health and 
wellbeing. However, we don't know much about teenage boys' food intakes and physical 
activity patterns in New Zealand. Teenagers often make their own decisions about what 
foods to eat, but why they choose the foods they do is not well known. Last year we 
conducted a similar study in teenage girls. To get a more complete picture of what the 
teenagers of New Zealand eat and how they spend their time the SuNDiAL project is now 
going to investigate the food intakes and physical activity of adolescent males (aged 15-18 
years), and why they choose to eat the way they do. 
 
 
Who is funding this project? 
 
 
This project is funded by the Department of Human Nutrition, University of Otago. 
 
 
Who are we seeking to take part in the project? 
We are looking for at least 150 male high school students who are between 15 to 18 years 
old. To be eligible to take part, your high school must have agreed to take part in the study, 
you must speak and understand English, and be able to complete the questionnaires. 
 
 
If you take part, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
 
1) Complete an online questionnaire 
 
 
After you have completed the consent process you will be asked to complete an online 
questionnaire that asks questions about your health and some general questions such as 
what ethnicity you identify with. This online questionnaire also asks you about your 
overall eating habits, and why you choose to eat the foods that you do. It should take about 
30 minutes to complete. 
 
 
2) Attend a session at your school with our research team 
 
 




Complete a face to face interview with one of our research team where you will be asked 
to recall everything you ate and drank the day before. They will also ask you to recall how 
you spent your time during that day. 
At this session one of our research team will also measure your blood pressure, height, 
weight and the length of your lower arm. Blood pressure will be measured three times, and 
the other measurements will be taken twice to make sure they are as accurate as possible. 
This will be done in a private space and you won't be told these measurements unless you 
ask for them. 
20-04-2020 11:04am projectredcap.org 
3) Complete a second interview about the food you have eaten and your physical activity 
on another day 
 
 
Sometime in the 2 weeks after you have finished the session at school you will be 
contacted by the research team and asked to complete a second interview where you will 
be asked to recall everything you ate and drank and how you spent your time on a different 
day of the week than the first interview. This is important because sometimes you can eat 
quite differently or do different activities from one day to the next. This interview will be 






Contact Meredith or Tessa (ph 03 479 8157) or Jill (ph 03 479 5683) or email us on: 
sundial@otago.ac.nz 
 
This study has been approved by the University of Otago Human Ethics Committee 
(Health) reference number H20/004. If you have any concerns about the ethical conduct of 
the research you may contact the Committee through the Human Ethics Committee 
Administrator (phone +64 3 479 8256 or email gary.witte@otago.ac.nz). Any issues you 









You have read the information about the study and understand the aims of the study 
You have had all your questions answered about the study and understand that you can ask 
for more information at any stage 
You are a young male who is 15 to 18 years old 
You have chosen to take part, but you know you can pull out of the study anytime before it 
finishes in October 2020 
You know that as a participant you will be asked to complete questionnaires about why 
you choose to eat the foods that you do, and have your blood pressure, height, weight and 
the length of your forearm measured, and complete interviews about the food that you eat 
and how you spend your time over two different 24 h periods 
You know that the responses you provide to the questionnaires in this study will be 
recorded aginst an ID number, not your name. The information linking you to this ID 
number will be destroyed once all the data has been collected and you have been given the 
opportunity to request your individual information. The remaining data, which will not be 
able to be linked back to you in anyway, will be placed in secure storage and kept for at 
least ten years 
You understand the results of the project may be published and be available from the 
University of Otago 
You know that no commercial use will be made of this data 
You know that for each component of the study you complete you will receive a $5 




Agreeing to this part of the study does not mean that you have agreed to give a blood 
sample, a urine sample or to wear an accelerometer (you will be asked about those bits 
separately) 
If you don’t want to take part in the SuNDiAL project, please click on the “DISAGREE” 












Thank you for agreeing to taking part in the SuNDiAL project! If you are male and aged 15-18 years of 




Click on the "AGREE" button below if: 
- You have read the information on the website 
- You want to take part in these parts of the study 
 




We would like you to provide a blood sample (which would be collected by someone with 
extensive training in how to take a blood sample), but we understand that not everyone feels 
comfortable about this so it is entirely up to you if you do this. You can still take part in the rest 
of the study even if you don't do this bit. 
Click on the 'AGREE' button below if: 
You agree to have a blood sample collected by a phlebotomist (someone with special training 
in how to take a blood sample) You understand the possible risk and discomfort involved in 
providing a blood sample You understand that your blood sample will be analysed locally for 
concentrations of cholesterol and HbA1c You know that the concentrations of things measured 
in your blood will be recorded against an ID number. The information linking you to this ID 
number will be destroyed once all the data has been collected and you have been given the 
opportunity to request your individual information. The remaining data, which will not be able to 
be linked back to you in any way, will be placed in secure storage and kept for at least ten years 
You will receive an additional $5 voucher if you provide a blood sample If you do not wish to 




We would also like you to give a urine sample ("pee or wee") - which is easy for you collect 
yourself with the equipment we give you. You can still take part in the rest of the study even if 
you don't do this bit. 
Click on the 'AGREE' button below if you are ok with providing a urine sample: 
If you agree to do these, but change your mind later, that's OK - there is no disadvantage to you if you 
decide not to do these. 
There are three other parts to the SuNDiAL project that are optional. Please read the following 
information carefully before you decide whether to take part in these optional bits of the study. For 
each one of these that you do, you will receive a $5 gift voucher from New World or PaknSave. 
Thank you! You are eligible to take part in the SuNDiAL project! 






You agree to provide a urine sample You understand that your urine sample will be frozen and 
transported to the University of Otago where it will be stored until it is analysed for iodine 
concentrations You understand that your urine sample will only be analysed for iodine 
concentrations You know that the concentrations of iodine measured in your urine will be 
recorded against an ID number. The information linking you to this ID number will be 
destroyed once all the data has been collected and you have been given the opportunity to 
request your individual information. The remaining data, which will not be able to be linked 
back to you in any way, will be placed in secure storage and kept for at least ten years You will 
receive an additional $5 voucher if you provide a urine sample If you do not wish to provide a 





We would also like you to wear a small red box called an accelerometer on an elastic belt 24 
hours a day for seven days. This will tell us how much time you spend sitting down, moving 
around, and sleeping. If you choose to wear the accelerometer you will be asked to complete a 
little diary about the times your took the device off, and what time you went to bed each night on 
the days that you wear it. 
One of our research team will return to your school the week after this visit to collect the 
accelerometer. You can still take part in the rest of the study even if you don't do this bit. 
Please click the 'AGREE' button below if: 
You agree to wear an accelerometer for 24 hours a day for seven days You understand the 
during this time you will asked to record in a diary provided to you when you take the 
accelerometer on and off, and when you go to bed each night You know that amount of time you 
spend sleeping and moving will be recorded against an ID number. The information linking you 
to this ID number will be destroyed once all the data has been collected and you have been given 
the opportunity to request your individual information. The remaining data, which will not be 
able to be linked back to you in anyway, will be placed in secure storage and kept for at least ten 
years You will receive an additional $5 voucher if you wear the accelerometer for seven days 
and return it to the research team when they visit your school If you do not wish to wear an 






Please answer the following questions:  
What is your first name?  
  
  
What is your last name?  
  
  
What is your date of birth?  
  
  






What is your phone number (mobile would be best - 
so we can text you reminders)? 
 
  




Thank you for enrolling in the SuNDiAL project! 
What happens next? 
 
We are now going to ask you to complete a health and demographic questionnaire. If you want 
to complete it at a later time, please click the "Save and Return" button at the bottom of this page 
(if you click this button you will be given a code which you will need to write down and which 
you will need to use to return to and continue this survey). Or, click the "Submit" button to 
continue. 
You will also get an email and/or text to tell you when you can visit the SuNDiAL clinic at your 
school to complete the other measurements, a food recall and an activity recall. 
 
Appendix H: 24-hour Dietary Recall Protocol 
 
24 Hour Dietary Recall 
 
To complete the 24 h dietary recall you will need: 
• This protocol, including the tips sheet and useful prompts. 
• The 24 h dietary recall recording sheet. 
• Portion size box, including measurement aids and food photographs. 
 
 
Make sure you have taken the ID number from the name & ID spreadsheet and written it on 
every page of the 24 h diet recall recording sheet. 
 
Explain the 24 h recall to the participant 
 
 
“I am going to ask you about everything that you ate and drank yesterday. Please try to recall, 
and tell me about everything that you had to eat at drink, whether it be at home, or away from 
home, including snacks, drinks and water. We are not here to decide if what your eating is 
healthy or not – we just want to understand what boys around New Zealand are eating, so we 
would like you to be really honest with us” 
 
Stage One – Quicklist 
“First, we will make a quick list of all the things you ate and drank, and then we will go back 
over this list and I will ask you more details about the specific foods and drinks, and the 
amounts.” 
 
“It might help you remember what you ate by thinking about where you were, who you were 
with, or what you were doing yesterday; like going to school, eating out, or watching TV. Feel 
free to keep these activities in mind and say them aloud if that helps.” 
 




Start recording quick list – keep prompting until finished 
 
 
“That’s great. Sometimes people forget to tell us about drinks, particularly water when we do 
this list.” 
 
“How much water do you remember drinking yesterday?” (record) 
 
 
“Did you have any other drinks you might have forgotten about?” (record) 
 
 
Stage two – Collect more information 
“I am now going to ask you some more specific questions about each food. We also need to 
work out how much of each food that you ate or drank” 
 
“Let’s start at the beginning – the first thing you remember eating was xxxx” (record) 
What time did you eat/drink that? (record) 
Go on to collect specific information that is relevant to each food based on the tips provided on 
the tip sheet. Record as much specific information as you can. Record each food item in a 
different row. 
 
Use the photos and measurement aids to help the participant estimate the portion size. 
Remember that brand and package size will always give you the most accurate information. 
 
Before you go onto the next food on the quick list be sure to ask if they added anything to the 
food they have just described. 
 
Stage 3 – check for any further additions 
 
“Ok, thanks for working with me to provide all of that detail. We are now going to do one more 
check to make sure there isn’t anything else that should be on this list. I am going to read this 
list back to you. If you remember anything else that you ate while I am reading it back to you 
please interrupt me and we will record it” 
 
Read through with the participant all the food and drink they have listed 
 
 
“Is there anything you can think of that we need to add in?” (record as necessary) 
 
 
“Last Question: Do you know if the salt you use at home contains iodine?” (tick appropriate 
box) 
 
“Great thank you again. If it is ok with you one day in the next week I would like to ring you 
and go through this process again on a different day, so that we can get an idea of how the foods 
you eat change from day to day. What time of the day (outside of school time) would suit you 
for me to ring you?” 
 
Record preferred times - remember, ideally this second 24 h recall will occur on a randomly 
selected day, but that might not always be possible (at the very least it should be a different day 
of the week than today) 
 




Remember that the more information you can obtain about each food the more accurate the data 
is going to be. Please keep in mind that some of your fellow MDiet students are writing their 
thesis on nutrients (like Folate) that will vary from brand to brand depending on fortification so 
please be as careful and accurate as possible. 
 
You need to gather more information about each food identified on the Quicklist. 
Below are some prompts that might help you do this. 
 
Where possible for packaged foods collect the brand name. 
 
 
Potential questions to consider asking (depending on the food reported): 
• What is the brand name? 
• Was it fresh, canned, frozen or rehydrated? 
• Was it home made? Do they know the recipe? If they do record on the recipe sheet) – this 
is more important for savory foods than baking (as the basic composition of a biscuit or a 
cake varies much less than the composition of, for example, a stir fry) 
• How was it cooked? Was it baked, fried, or boiled? 
• Was the item coated before cooking, if so what it with flour, batter, eggs, or breadcrumbs 
etc? 




x Collect information about herbs and spices that are used in very small quantities 
x Ask leading questions 
x Ask for recipes for traditional home baking, but do note if it is gluten free. 
x Make assumptions 




Keep your prompts neutral 
Ask about cooking method and the type of fat used in cooking e.g. if they say baked, ask 
what with? 
Collect brand names for margarine, butter, juices/fruit drinks, breakfast cereals, energy 
drinks, breads, dairy alternatives (e.g. almond milk) as the micronutrient content of these 
products can vary considerably from brand to brand 
Ask for the recipe for less traditional home baking (e.g. brownies made with black beans, 








• Peeled or unpeeled 
• Colour? – e.g. red/green apple 
• Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice did they have 





• Fresh, frozen or tinned (if tinned were they tinned with flavoured sauce/syrup/juice) 
• Cooking method – boiled, baked (with fat/oil – what type and how much?), microwaved, 
steamed etc 
• Colour – e.g. red/green capsicums 
• Potatoes – with or without skin, if mashed what was added and how much? 
• Quantities could be recorded in cups (sliced/whole/mashed/diced) or how much of a whole 
vegetable (e.g. ½ a medium capsicum) 
 
• Use photos to help estimate portion size for similar vegetables not shown in pictures (e.g. 
broccoli can be used to estimate cauliflower, peas can be used for corn or bean etc). Use 




• Milk – brand name and fat content (show picture of bottle tops) 
• Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat 
• Ice cream – brand, any additions? If in a bowl use pictures to help estimate amounts 





• Roasted, raw, salted, other favouring, blanched 
• Whole, chopped, slivered 
• Mixed – with or without peanuts 





• White, wholemeal, wholegrain, light or dark rye (use photos to help with identification) 
• Brand name (important for fortification) 
• Toast or sandwich slice (thick or thin) 





• People often use the term butter and margarine interchangeably so collect the brand name (do 
not comment on the fact they might not have used the correct description) 
• Low fat or standard 
 
• Phytosterols (cholesterol reducing) 





• Juices/Fruit Drinks 
o Terms used interchangeably so always collect brand information if possible 
o 100% juice or fruit drink 
o No sugar added or sweetened? 
o Added vitamins 
o Commercial or freshly squeezed 
o Did they dilute with water, is so how much? 
o Use cups or pictures of cans and bottles to help estimate 
portion size 
• Fizzy drinks 
o Brand or Flavour 
o Diet, standard, zero sugar, type of sweetener o Caffeinated 




• Made from liquid (cordial) or powdered concentrate (Raro) 
o Brand and flavour details of concentrate 
o Standard or low energy/ low sugar version 
o How much concentrate? 
o Did they make it with water or something else? 





• Brand and package size most important 





• Try and record recipe if possible 
• If recipe unavailable try and get as much detail as possible 
• Check any protein ingredients, starchy ingredients, vegetables, sauces 
• Use photos, cups, plates and bowls to estimate portion size 
 
Appendix I: Relevant supplement usage questions form the Dietary Habits Online Questionnaire 
2019 





Su p p le m e n t Use 
 
Did you take any supplements during the last year? Q Yes 
QNo 
 
What type of supplement was it? (Select as many as apply) 
D Multivitamin and/or multimineral 







D Glucosamine and/or chondroitin 
D Echinachea 
D Ginkgo 
D Hyperirum (st ..bhn's Wort) 
D Sports supplement 
D other (please specify) 
 
 
Multivitamin and/or multimineral: How long did you 
take the supplement in the last 12 months? 
0 Daily 
0 More than once a week 
0 Once per week 
0 Monthly 
0 Regularly but for a limited time 
0 Not very often 
 
 
Multivitamin and/or multimineral : 
 
If you knC7N the brandname and/or the product name    
please write them here. Rease prcwide as much 
information about the product as possible. 
 
Multivitamin and/or multimineral: 
 
If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two). please make visible the 
brand and the list ofcontents. 
 
Single vitamin or mineral: Reasetell us what 
vitamin or mineral it was:    
 
 
Single vitamin or mineral: HC7N long did you take the 
supplement in the last 12 months? 
0 Daily 
O More than once a week 
0 Once per week 
0 Monthly 
0 Regularly but for a limited time 
0 Not very often 
 
 
Single vitamin or mineral: 
 
If you knC7N th e brandname and/or the product name                                                                             
pleasewrite them here. Rease pr cwid e as m uch 
information about the product as possible. 
□ 
□ 







Hypericum (St John's Wort): 
 
If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 
 
 
Sports supplement: How long did you take the 
supplement in the last 12 months? 
0 Daily 
O More than once a week 
0 Once per week 
0 Monthly 
O Regularly but for a lim ited time 





If you know the  brand name and/or the product name    
please write them here. Please provide as much 




If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 
 




Other: How long did you take the supplement in the 
last 12 months? 
0 Daily 
0 More than once a week 
0 Once per week 
0 Monthly 
O Regularly but for a lim ited time 





If you know the  brand name and/or the product name    
please write them here. Please provide as much 




If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and th e list of contents. 
 
Appendix J: Relevant supplement usage questions form the Dietary Habits Online 
Questionnaire 2020 




Su p p le m e n t Use 
 
Did you take any supplements during the last year? Q Yes 
QNo 
 
What type of supplement was it? (Select as many as apply) 
D Multivitamin and/or multimineral 
D Single vitamin or mineral 
D Sports supplement (induding protein powders or shakes) 
D other (please specify) 
 
 
Multivitamin and/or multimineral: 
HCMr often did you take the supplement in the last 12 
months? 
0 Daily 
0 More than once a week 
0 Once per week 
0 Monthly 
O Regularly but for a limited time 
0 Not very often 
 
 
Multivitamin and/or multimineral: 
 
If you kn<MI the brandname and/or the product name    
please write them here. Rease prcwide as much 
information about the product as possible. 
 
Multivitamin and/or multimineral: 
 
If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two). please make visible the 
brand and the list of = nt ent s. 
 
Single vitamin or mineral: Rease tell uswhat 
vitamin or mineral it was:    
 
 
Single vitamin or mineral: 
HCMr often did you take the supplement in the last 12 
months? 
0 Daily 
0 More than once a week 
0 Once per week 
0 Monthly 
O Regularly but for a limited time 
0 Not very often 
 
 
Single vitamin or mineral: 
 
If you kn<MI the brandname and/or the product name    
please write them here. Rease prcwide as much 
information about the product as possible. 
 
Single vitamin or mineral: 
 
If you are able to take a photo of your supplement 
packagin,g please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later tim e). 
 
When taking a photo (or two). please make visible the 
brand and the list of =ntents. 





Sports supplement (induding protein poivders or 
shakes): 
H(7,I\/ often did you take the supplement in the last 12 
months? 
0 Daily 
0 More than once a week 
0 Once per week 
0 Monthly 
0 Regularly but for a limited time 





If you kn(7JII the brandname and/or the product name    
please write them here. Rease pr011ide as much 




If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two). please make visible the 
brand and the list of contents. 
 





H(7,I\/ often did you take the supplement in the last 12 
months? 
0 Daily 
0 More than once a week 
0 Once per week 
0 Monthly 
0 Regularly but for a limited time 





If youkn(7,I\/ the brandname and/or the product name    
please write them here. Rease pr011ide as much 




If youareable to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two). please make visible the 
brand and the list of contents. 
 




To complete anthropometric measurements you will need: 
• This protocol 
• A stadiometer that has been assembled correctly, and positioned appropriately against a 
straight wall 
• A set of body weight scales 
• A steel anthropometric measuring tape 
• The blood pressure and anthropometry recording sheet 
 
 
Make sure you have taken the ID number from the name & ID spreadsheet and written it 
correctly on the blood pressure and anthropometry recording sheet. 
 
Gain verbal consent from the participant for each measurement and explain fully what you will do 
to obtain them, specifically asking them if it is ok to touch the top of their head with the stadiometer 
when doing the height measurement. Before beginning, gain consent from the participant to use 




1. Ask the participant to remove their shoes, as well as any hair ornaments or buns/braids on the 
top of the head. 
2. If the participant is taller than the investigator, use a step tool to take the measurements. 
Errors can be minimised by the investigator being parallel to the participant and the 
headpiece. 
3. Tell the participant to stand with their heels together and toes apart pointing outward at 
approximately a 60-degree angle. 
 
4. Make sure the back of the head, shoulder blades, buttocks, and 
heels of the participant are touching the 
backboard/stadiometer. 
5. Make sure the participant’s head is aligned in the Frankfort 
horizontal plane, where a horizontal line connects from the ear 
canal to the lower border of the orbit of the eye. 
6. Lower the headpiece to rest firmly on the top of the 
participant’s head and ask the participant to stand as tall as 
possible and take a deep breath. 
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 






1. Ask the participant to remove any heavy clothing (such as jackets, heavy tops, boots etc). As 
the participant would have just had their height measurement done, they should not be 
wearing shoes. 
2. Turn on the scales, ensure they are switched on to metric (kg). 
3. Ask the participant to step on to the scales so that they are facing away from the display (to 
prevent seeing the weight) cautioning them that they need to step up onto the scales. 
4. Wait for the scales to read or come to a stable number. 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box on the recording 




Ulna length is measured between the point of the 
the midpoint of the prominent bone of the wrist using 
anthropometric steel tape. This value is then compared 
standardized height conversion chart. Participants 
dressed in light clothing with no wrist watch or other 







1. Measure between the point of the elbow and the midpoint of the prominent bone of the wrist 
(non-dominant side). 
2. Read and accurately record the measurement to the nearest 0.1 cm in the UNLA LENGTH 1 
box on the recording sheet without informing the participants. 
 
NB: anthropometry tapes have a blank lead before measurement markings start - consider this 
when reading a measurement. 
 
 
REPEAT ALL MEASUREMENTS 
 
Repeat all three measurements again, in the same order, entering the measurements in the 
HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as appropriate (do no tell participant 
measurements). 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units apart? If so take a third 
measurement where required. 
 
Anthropometric measurements will need to be entered into REDCap (see REDCap data entry 
protocol) 
